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CHAPTER I 
INTRODUCTION 
1. Introduction 
The grade placement of scientific principles has been 
undertaken by the Boston University School of Education, 
Science Department, as a project to be carried on through the 
succeeding years under the direction of Dr. John G. Read. 
The experiment will be concluded when enough pupils and 
schools have been included in the study to make the conclu-
sions statistically significant. As more data are accumu-
lated, the extent to which the study will have to be 
carried should become apparent. When a sufficient number 
of principles has been tested a complete overall report can 
be written giving the conclusions. That is, there will be 
a "percentage of learning" index for each principle for 
each modal mental age level. From this index it should be 
possible to ascertain that if a certain principle is taught 
to a certain modal mental age level then a certain percent-
age of the pupils can be expected to learn the principle. 
This year both the background for the study and the 
design of the experiment a1•e being done under the guidance 
of Dr. Read and Mr. Herbert Oxendine. Also, the first 
group will start the experiment with each experimentor 
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taking one principle. The teaching method will be a lee ture-
demonstration. The amount of learning will be measured by 
identical tests given before and after the lecture-demonstra-
tion. Data to be gathered will consist of the test scores, 
the pupil's I.Q., M.A., C.A., sex, previous science instruc-
tion and science background. The results to be found by 
each individual participating in this study will be for only 
one or two grades in several schools. This will give an in-
dication of the next grade that should be tested depending 
upon the "percentage of le arning 11 for that modal mental age 
level. 
As the study proceeds investigation into these prin-
cip~ s will be continued and others started until there is 
an index of the 11 percentage of learners" for each modal 
mental age level for each principle. Each experimenter 
starting a new principle will leave his material for many 
teachers-in-service to use when he is finished. This will 
include the demonstration, a copy of the script, a tape 
recording of one of the actual lecture-demonstrations and 
the test. The same material will be used throughout the 
study for the same principle. The sample of schools will be 
chosen each year so that compl~te coverage may be made of 
each socio-economic level for grades 3-12. 
It is assumed fol' this study that there will exist a 
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difference in the percentage of learners at different mental 
age levels~ It is also assumed t h at the time spent in a 
good demonstration with a carefully prepared talk would pro-
duce a small increment of learning. 
The committee whose responsibility it was to compile the 
data included in the l i terature as backg!'ound for this study 
consisted of the following members under the ch airmanship of 
Norman G. Mills: 
Isabel L. Bouin 
John T. Callahan 
James Creighton 
Wallace J. Gleekman 
b ugene H. Goldrick 
George F. Griffin 
Robert H. Jackman 
~leanor Kancevitch 
John G. Minot 
Henning A. Sahlberg 
Vincent J. Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
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2. Justification 
Very little scientific evidence is available on the 
grade placement of science principles. Because of the 
great increase of scientific knowledge, educators emphasize 
the need for research that will determine the age levels at 
which science concepts, principles and skills may be intro-
duced into the curriculum with optimum effectiveness. 
Beckl/states that because scientific knowledge is 
accumulating at such a rapid rate, there is neither time 
nor excuse for teachins the elementary scientific concepts 
in the higher g:t.•ades. He points out that the scientific 
background and foundation prerequisite to an understanding 
of the individual science courses offered in the high 
schools are lacking in the beginning students. To find a 
solution to this problem, he suggests that research be 
started to determine, 11 ••• what fundamentals of science can 
we expect most children of similar ability and cultural 
background to master at each maturity level 11 .:?:./ 
From a Progress Report of the Committee on Research 
in Elementary Science for the National Association for 
Research in Science Teaching, Venill1/believes that with 
1/ Alfred D. Beck, 11 Some Unanswered Questions Pertaining 
to the Organization of a Twelve Year Science Sequence 11 , 
Science Education (April, 1948), 34:176-177. 
~~Ibid., p. 177. 
3/ John Venill, 11 Needed Research Studies in the Junior 
Ih@l Schools", Science Education (April, 1948), 32:17.5-18.5. 
.5 
the great expansion of scientific knowledge, concepts 
which previously have been reserved for high school science 
courses will have to be taught in the junior high schools. 
He summarizes that, 11 ••• studies should be made on pupil 
readiness for more advanced science concepts. 11 .1/ 
In the Thirty~first Yearbook the National Society for 
the Study of Education~/sugges~~ that a twelve-year sequence 
of science be taught, based on the broad generalizations of 
science. As an outgrowth of this plan, many problems for 
research were recognized. Morrisond/places the selection 
and sequences of courses within the curriculum and the 
grade placement of topics at the top of a list of needed 
research in science teaching. 
However, research on the location of curricular 
material in science classes is complex. In order to make 
such studies objective and meaningful, educators, says 
Bellack, must take into consideration the basic findings 
from the fields of educational philosophy, sociology, 
child growth and development and psychology of learning.4/ 
17 John Venill, ...Qlh_ci t., p. 17.5. 
~/ National Society for the Study of Education, A Program 
for Teaching Science, Thirty-first Yearbook, 1932, Part I, 
'l1he University of Chicago Press, Chicago, Illinois. 
J/ Ibid., P• 354. 
4/ Arno A. Bellack, 11 Sequence and Grade Placement", Journal 
of Bducational Research (April, 1948), 41:623• 
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The writer believes that thB aim of education is to 
give some meani.ng, some security and purpose in life. 
Ideally, education should provide an understanding of the 
diversity and richness of the present-day world and take 
into account our uncertainty on ideas of life and the uni-
verse. More spec i fically, science equcation seeks to teach 
effectively those principles and skills of science Which 
touch so largely upon everyday life. The aims of science 
teaching are contributory to the aims of education, mainly, 
as Bellack says, 11 life enrichment. n1./ 
In our society great emphasis is placed on education. 
Laws compel sch ooling up to a certai.n age, and all children 
are assured a f'Pee education. It is the school's responsi-
bility both to society and t o the children to pre s ent those 
activities wh{ch will prepare the individual student to 
participate intelligently in our democratic society. 
Bellack£./ further says, 11 In planning the sequence and 
placement of school experiences, then, consideration must 
be given at every sta ge to the demands of society in regard 
to both the important responsibilities of citizenship and 
1.1 Arne A. Bellack, op. cit., p. 42. 
~~Ibid., p. 623. 
the great variety qf learnings and adjustments occasioned 
by circumstances peculiar to our culture." 
In part, grade pl,ecement of curr•icular material is a 
matter of providing experiences at each grade level which 
are suitable to the mattwity level of the students and are 
designed to achieve the objectives of the program. 1 / 
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Kingsley defines maturation as " ••• the normal physical growth 
of the physiological functions. If these physiological 
structures have not developed to the point where the child 
can carry on the activity essential for a particular kind 
of learning, it is quite obvious he will be unable to 
achieve success in this direction. 11.S/ 
In order to obtain the maximum efficiency in learning, 
maturation of the child must be considered carefully •. 
HilbrethJ/points out that if a child is presented with a 
problem which is beyond his maturity level, he will reduce 
or simplify the problem to his own realm of understanding 
Which may lead to misconceptions and make learning more 
difficult when the proper maturation level is reached. 
1/ Ibid., p. 625 
,.S/ Howard L. Kingsley, The Nature and Conditions of Learning, 
Prentice-Hall Inc., New York, 1949, p. 49. 
3/ Gertrude Hilbreth, "The Difficulty Reduction Tendency in 
Perception and Problem Solving11 , The Journal of Educational 
Psychology (April, 1941), 32:305-313. 
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VvashburneY points out that j_f a child is presented with a 
problem above his maturity level with the implication that 
he should succeed, it will give him a feeling of failure 
anO. undermine his security. 11 Instead we must guide him 
into those learning situations that he can attack effective-
ly and with sufficient success --to yield satisfaction, en-
couragement and growth. n_g/ 
Many of the studies that have attempted to assign 
learning experiences to definite maturity levels have been 
concerned with motor-skill development in pre-school child-
ren. 1/ But a number of studies have been made to determine 
the role that maturation plays in the development of various 
concepts, among them that of Pis torbt/ who conducted an ex-
periment to determine how time concepts are, acquired by 
children. Two grou:r:s of 32J children were used in the 
study. In grades four and five, tradi tion~;~l separate 
courses in geography and history were taught to one group 
while the second group was taught geography as a major 
1/ National Society for the Study of Education, Child 
Development and the Curriculum, Thirty-eighth Yearbook, 
1939, Part I, University of' Chicago Press, Chicago, Illinois. 
]:./ ill.S·, p. 3. 
3/ Marian E. Breckenridge and Elee Vincent, Chi~ Develop-
ment, W. B. Saunders Company, Philadelphia, 1949. 
!t_/ Frederick Pis tor, "How Time Concepts Are Acquired by 
Children", Educational Method (Nov. 1940), 20:107-112. 
/ 
course and history incidentally. In the sixth grade the 
first group was given instruction with special attention· 
placed on time charts, time lines and other teaching aids. 
The other group had regular instruction with no special 
importance placed on time concepts. Through analysis of 
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test results at the completion of the sixth grade, it was 
found that the group with special instruction gained 
slightly, but not significantly, in time-concept understand-
ing, over the group without special instruction. Pistor con-
cludes that 11 ••• evidence points heavily in favor of rna tura-
tion rather than training as the dominating factor in time-
concept development. rr]/ 
Piage~/ attempted to assign stages in the child's 
thought development to maturity levels. Through pe rsonal in-
terviews, questions were asked relating to the child's ideas 
of the causes of natural phonomena. The responses were then 
placed in categories developed by Piaget. For example, 
Piaget traced three steps in concept development relating 
to the origin of the sun and the moon. The first step was 
that of artificiality of that the sun and moon were made by 
some human being. The second step was a belief that the sun 
1/ Frederick Pistor, op. cit., p. 111. 
~/ Jean Piaget, The Child's Conception of the World, 
Harcourt, Brace & Company, Inc., New York, 1929. 
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and moon were developed by a combination of artificial and 
natural causes. The thi rd stage in this development was the 
belief in a completely natural orig in of the sun and the 
moon. The implication was that the child passed from one 
stage to another only when he had reached the proper matur-
ity level. D-ue partly to the complexity .and the subjective 
nature of interpreting the responses of the chi~dren, Piaget 1 s 
method has been criticized and his conclusions challenged. 
Deutsche!/ conducted a study at the University of 
Minnesota in another attempt to trace the development of 
concepts of causal relations in children. Identical demon-
strations and tests were given to children in grades three 
through eight. Three experts familiar with Piaget 1 s work 
attempted to classify the answers to the test items into 
Pia get 1 s categories. There was little agreement among the 
jury as to where each response should be placed. It was 
found that there was a great deal of overlapping, that 
most kinds of answers were found over the entire age group 
and that the answers of children of a given a ge group co~ld 
not be classified into a single type. Deutsche concluded 
that "Causal thinking apparently does not develop by stages 
1/ Jean Marquis Deutsche, Th e Development of Children's 
Concepts of Causal Relations, The"University of Minnesota 
Press, Minneapolis, 1937. 
11 
but by a gradual process. 111/ She also found that the 
adequacy of the answers to the test questions increased with 
age, and the greatest increase noted was between the ages of 
11 . and 12 years.3/ 
Hauptd/ sought to gather evidence to find out if young 
children were capable of the mental activities associated 
with the 11 large generalization 11 type aim. His study was 
limited to grades one through six. Haupt found that the 
ability to generalize prevailed at all grade levels, but 
that this ability was limited by the complexity of the con-
cepts studied. 
Croxton 1 s4/ study also indicates that children in the 
higher primary, the intermediate and the junior high school 
are capable of generalizing. 
However, grade placement of curricular material is not 
entirely a matter of maturation. It is a matter of learning 
readiness which includes maturation, experiential levels, 
interest and attitudes, social pressures and training. But 
1/ Jean Deutsche, op. cit., p. 93. 
31 lEi£., p. 29-42. 
3/ George w. Haupt, An Experimental Apilication of a 
Philosophy of Science Teaching in an E ementary School, 
Teachers College, Columbia University Contributions to 
Education, No. 633. Bureau of Publications Teachers 
College, Columbia University, New York, 1935. 
4/ W. C. Croxton, 11 Pupils Ability to Generalize 11 , School 
~cience and Mathematics (Jan. 1936), 36:627-634. 
12 
these factors are extremely diff icult to separate for study. 
In the htooan body every organ is an integrated part of the 
whoJe body. If one or go.n is malfunctioning, it will affect 
the normal activity of the whole or g anism. Similarly, the 
child is a comp osite of many factors, each aff'ect1ng the 
functioning of the other. 
All experiences, according to Dewey,l/ both take up 
something from those which have gone before and modify in 
some way the quality of those which come after. West2/ 
says that it is us e less to show that a given volume of warm 
air is lighter than the same volume of cold air before the 
concept that air is something that has weight and occupies 
space is understood. So while the pupil may be at the 
mat t~ity level f or understanding a certain concept, if the 
necessary b a ckground is lacking, he will not learn effect-
ive ly. Even if the maturity and experiental levels are 
adequate for learning, lack of interest or proper attitudes, 
inadequacy of teaching method and materials may account for 
unprofitable learning. 
yJohn Dewey, Exp er~ence and Education, The Macmillan 
Co., Ne w York, 1938, p. 27. 
2/ Joe Young West, "Do V~; e Bx pect Too Much or Too Little 
of Children from Th eir hxperiences in Science? 11 Science 
Education (Oct. 1944), 33:298. 
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This study is designed to establish a learning index of 
the various scientific principles. This learning index ~211 
indicate the approximate mental age level at which these 
principles can be taught effectively to children of similar 
a'bili ty and background. Because of the complexity of the 
learning process, absolute values as to where each principle 
should be included in the curriculum is not expected, but 
the results may prove he lpful to curriculum planners in 
determining the grade placement of these principles. The 
results of this study will be of importance to classroom 
teachers, textbook writers, standardized-test makers, and 
producers of visual-aids. It may, moreover, help bring 
about an orderly, systematic teaching of s cience, resulting 
in more and efficient learning. 
3. Design of the Experiment 
A. Scope and Limitations 
The objective of this study is to establish a learning 
index for a number of scientific principles both in the 
elementary and secondary grades, the total study bBing made 
over a p e riod of approximately ten years. An index o~ 
learning is to be assigned to each level at which the 
experiment is carried out. 
A beginning has been made here by twenty-eight students 
working with different principles. Subsequent investigators 
using identical t e chniques wi th the same or other principles 
at different age levels may, after having secured data on a 
large number of pupils, predict wi th some accuracy where a 
certain principle mi6ht be t augh t with knowledge of its 
being understandable to the majority of pupils at that age 
level. 
The procedure to be described is essentially the same 
in all the studies made by these twenty-eight investigators. 
However, since certain of these persons could not, of 
neces si ty, meet all of the conditions here set down because 
of their own teachin g duties, the procedure has had to be 
slightly v aried in such cases. Whenever any changes have 
been expedient, it will have been noted in subsequent 
chapters. 
15 
The population used in the study ma de by this first group 
of investigators is c0mposed of pupils from the third to the 
twelfth grades. They ar e a stratified sampling of the school 
population of several New England states. 
Each pupil's mental a ge is known throue;h the use of 
chronolo gical a ge, as furnished either by the pupil himself 
or the teacher, and the I.Q. obtained from the results of 
the a dministration of the Otis Quick-Scoring intelligence 
test. This enabled the experimenter t o establish the mental 
modal age for each grade division of pupils tested. 
The pupils whose test score s are included in the study 
all have mental ages within the limit s of one year from the 
hi ghest to the lowes t . Once the modal mental a ge had been 
e s tablished, only the scor e s of t hose pupils with mental 
a ges of plus or minus six months from the mode were selected 
to be included in the subse quent analysis. 
Each investigator has e x amined t wo class divisions in 
five schools. Of the total of ten groups included, five are 
samples of t h e s ame gr a de level and the other five are sam-
ples from a diff ere n t gr a de level which are separated from 
the first five samples by t wo years; t h at is, if a particuJ.ar 
investi gator · chose five tenth-grade divisions, he will also 
have chosen either five ei~1th- or five twelfth-grade 
divisions. 
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Two examinations ha ve be e n given to all pupils included 
in this study. The fi rst will be known as the pre-test and 
the second as the post-test. They were identical. The 
post-test was t:, iven \Jithin a n hour after the administration 
of the pre-test. The time lapse between the two was occupied 
either by the presentation of a demonstration serving to 
illustrate the particular principle being tested, in the 
case of what is known as the experimental group, or by 
reading non-relevant material by the group to be known as 
the control. 
Strict discipline was maintained in each group in 
order that the pupils mi gh t not communicate with one another 
or be distracted from the examination or th~ demonstration 
given. 
The demonstration was of large enough size, and was 
well lighted, so as to be seen by all the pupils in the 
class room eas ily. 
B. Discussion of Procedure 
The first step involved the selection by each investi-
gator of a principle to be demonstrated and tested. Such 
accepted lists as that compiled by Robertsonl/ were consulted. 
1/ Martin L. Reb ertson, "Selection of Science Principles 
Suitable As Goals of Instruction in the Elementary School", 
Science b ducation (April, 1935), 19:65-70. 
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A review of the literature established that the teach-
ing of principles is an effecti ve method for teaching 
science. It was found t h at facts were retained better when 
pupils were taught by principles. Also, relationships in 
applied learning were perceived more easily. Further find-
ings on science teaching by princip les are discussed in 
greater detail in a subsequent section. 
The s econd s tep consisted in devising one or more 
demonstrations which illustrated the cho s e n principle. The 
time allotted for t h is teaching material was in most cases 
approximately 15 minutes. These demonstrations were necess-
arily s~ple, large, and contained as nearly as possible 
the 11 purity of concept 11 wh ich has be e n interpreted by 
Nichols~/ to mean that the demonstration illustr a tes one and 
only one principle. But if all oth er principJes could not 
be e liminated, t hey wer•e judged not to detract from the 
principle which the demonstration illustrated; they were 
judged not to lead to a misconce p tion of the material taught. 
The demonstr a tion material of each experimenter was 
decided upon and the apparatus set up after having been pre-
s ented to and passed on by a board consisting of a small 
group of i n vestigator s who, in turn, held their demonstration 
1/ W. M. Nichols, Ne w and Improved Demonstrations For Use 
In Teachin, Scientif ic ? Pin c-iples in Chemistr:t:, Unpublished 
Mast er's Th e s i s, Boston University Sch6ol of Education, 
1950, p. 4. 
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material up to scrutiny by fellow board members. 
In a subsequent section of this thesis are discussed 
the criteria for a good demonstration. The eleven pertinent 
points are summarized as follows: 
1. The demonstration should illustrate a basic principle. 
2. The demonstration should illustrate one principle 
only. 
3. The action of the demonstration should be clearly 
visible to all. 
4. The apparatus should be on a large scale. 
5. The demonstration should work; it should be as 
infallible as possible. 
6. The demonstration should be simple and the speed 
of action suitable. 
7. The demonstration should be dynamic. 
8.. A slight dramatic element is sometimes useful. 
9. An element of the unexpected is sometimes effective. 
10. The apparatus should be of easily available and 
inexpensive material . 
11. The apparatus used in a siven demonstration should 
be stored away intact until it is to be used again. 
All members of the group have adhered rigidly to these 
criteria. 
It might be mentioned here that research, which will be 
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described in Chapter 2 , on the idea that demonstrations are 
effective brought to ligh t the fact tha t the demonstration 
i s equal to or better than any other method of teaching 
science . Thus it is seen that if a pm'ticular scientific 
principle can be taught at a certain age level, the demon-
stration method is as good a way known to aid in the teaching 
of it. 
After having perfected the demonstration a third s tep 
in the procedure wa s followed. Each investigator devised a 
test of the four-answer multiple choice ty~ to be adminis-
ter e d in not over 15 minutes time . This type consisted of 
approximately thirty items divided into three groups . The 
first ten items were based directly on the demonstration to 
be given . The second group consiste d of items which involved 
transference; that is, these items d id not test an understand-
ing of the demonstration directly but tested the ability to 
apply the scienti.f'ic principl e involved to other simple near-
by situations . The last ten items were more difficult; 
they inv olved an application of the principle but were of 
such a nature that correct answers mi@~t be made by the pupils 
who had gotten the most from the demonstration. 
All of the items wore so worded that the pupil could be 
given this test before the demonstration had been seen and 
yet answer the questions if he understood the principle. 
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For example, a question might be begun with a phrase such as 
11 If a tight wire is plucked, ....... 11 , etc. 
on 
In order to establish a suitable vocabulary for the items 
the test, Thorndike 1 sl/ Teach~ Word Book was used. 
This volume lists words used most often in standard English 
reading material. Words used in the items were compared with 
the list to suit either the elementary or the secondary 
grades. If the particular words were not mentioned, others 
had to be substituted. The final form of the test contained 
a vocabulary which was suitable to the level at which each 
investigator was working. A copy of the writer's test is 
included in the appendix. 
The test items were put in the interrogative form when-
ever practical with the answer to each consisting of one 
correct response and three distractors. 
vVhen the test was completed, it was presented to the 
same board which had previously judged the quality of the 
demonstration material. The i terns were passed if, in the 
opinion of the board, they were valid. An answer sheet for 
the test was devised whereby an enclosed space was left 
after the number of each item for the letter of choice. 
The fotl.rth step in the procedure involved the adminis-
tration of the test to approximately one hundred pupils of 
the same grade level as the pupils for which it was finally 
1/ B.dward L. Thorndike and Irving Lorge, The Teacher's Word 
Book of 30,000 vvords, Bureau of Publications, Teacher's 
College, Col urnbia University, New York, 19~.4. 
21 
intended. The results were incorporated in an item analysis 
which is described in a later section of this thesis. Any 
items which were shown not to be serving especially well were 
left on this final form of the test but only those items 
which were functioning well were used in subsequent com-
pilations. 
As the fifth step, a script to accompany the demonstra-
tion was written by each investigator using a suitable 
vocabulary selected from Thorndike's word list.l/ This was 
not to be read to the experimental group while the demon-
stration was shown but served as a guide for• the demonstra~ 
tion lecture, key points of the written procedure having 
been committed to memory by the experimenter. This mini-
mized the probability of the individual lectures varying 
widely from day to day. 
The investigator then presented his lecture and demon• 
stration to a few pupils inviting comments after the pre-
sentation. In this manner both the script and demonstration 
were refined. 
At this point in the procedure, the test and the demon-
stration were ready to be given. Each investigator had 
written to superintendents of schools, receiving permission 
to test pupils of two particular grades in each school. 
1/ Edward L. Thorndike and Irving Lorge, ££· cit. 
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Altogether five schools were selected and the pupils of two 
grade divisions in each school were chosen as subjects for 
the experiment. In some cases, investigators chose the 
elementary grades and in others, the secondary. 
The sixth step involved the administration of the Otis 
Quick-Scoring intelligence test, by the investigator or the 
teacher of each particular division, during a period within 
two weeks of the demonstration. 
The largest part of the experimental work is contained 
in the seventh step. On a prearranged date at a prescribed 
hour all the students of one class were pre-tested at the 
same time; that is, the examination was presented to the 
pupils before the principle was demonstrated. They were 
first given a test booklet and an answer sheet marked 
Test 1 on which there was a place for the filling in of the 
following information: namB, sex, date of birth, name of 
school and town, and the previous training each pupil had 
in science. With regard to some of these items, in the lower 
elementary grades the information noted had to be checked 
and, many times, supplied by the teacher. 
Each answer sheet contained a random number in the upper 
right hand corner and also a place for the investigator to 
later fill in any information he desired such as socio-economic 
background, I.~., ~tc. A sample answer sheet is shown in the 
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appendix. 
The time allotted for the pre-test was approximately 
fifteen minutes. At the end of this time the answer sheets 
were collected and half of the pupils in the class were sent 
to another room, after h~nding their test booklets to the 
demonstrator or the teacher in charge. The remaining halr 
kept their booklets and. stayed in the room to see the demon ... 
stration. 
Half of the pupils were random~y selected according to 
a method used by Lindquist 1/. A table in his book was con· 
sulted and utilized. To explain the use of the table, it is 
perhaps expedient to use a hypothetical class in a single 
run of the experiment. Since there are 36 pupils. in this 
class and half are to be selected at random, 18 pupils must 
be chosen arbitrarily. The first step is to assign numbers 
from 00 to 35 to the 36 answer sheets. This may be done in 
any order. Then it is necessary to select a starting point 
on the table by referring to a column and row number. As 
Lindquist~/ states, 
11 This starting point should be determined before 
looking at any number in the table. Once having se-
lected the starting point and direction, no pecularity 
in the numbers read should be permitted to cause one 
to disregard the results and start anew at another 
point. 11 
1/ Everet F.Lindquist, Statistical Analysis in Educational 
Research, Houghton Mifflin Company, · Boston, 1940, table 18, 
p. 262 
E_/ Ibid. , p. 26. 
From the starting point and reading in the chosen direction, 
the first 18 unlike numbers below 36 are taken and the pupils 
previously assigned these numbers are then one of the halves 
of the class. 
After the class was divided, the answer sheets for the 
pre-test were collected and balf the class was removed, as 
stated above. This half was d~signated as the control 
group. They spent the next 15 minutes reading silently some 
non-science material in another room. 
Up to this time, the demonstration apparatus, which 
had been ~eviously placed in the room where the pre-test 
had been given, was kept covered with a cloth. With only 
half the original group present, these demonstration materials 
were uncovered and the investigator began his experiments 
with his accompanying remar.ks of explanation. 
When the .demonstration, having lasted approximately 1.5 
minutes, was over, a post-test answer sheet marked Test 2 
was distributed to each pupil. This sheet was the same as 
that for the pre-test with the exception of the identifying 
test number. The original closed test booklet, which was 
to be used for the post-test, had been placed in the upper 
right hand corner of each pupil 1 s desk. The group had pre-
viously been cautioned oy the demonstrator not to open the 
booklets or talk among themselves While he was experimenting, 
2.5 
The post-test, being identical to the pre-test since the 
test booklet contained only the one test, was then adminis-
tered to this experimental group. At the end ot: the allotted 
~ minutes, the booklets and both answer sheets were collected. 
Meanwhile in the room to which the other half ot: the 
class, the control group, had moved, the same post-test was 
given as was administered to the. experimental group by a 
teacher who also supplied the pupils with an answer sheet 
marked Test 2 and a test booklet. At:ter about 1.5 minutes had 
elapsed, the papers and booklets were collected. 
In the cases where the investigator was working with 
elementary grade school pupils, the demonstration was given 
to the control group at:ter they had taken the post-test be-
cause ot: the interest they ~~doubtedly had, because of' ad-
ministrative reasons, and, more important, because the time 
element was not such an important t:actor as it was in the 
secondary school where the control group was not given the 
demonstration. 
This same procedure was repeated with individual divi-
sions in each school until, as mentioned above, data on a 
total of' ten divisions in t:ive schools was collected. 
It has been t:ound that a reliable method ot: measuring 
the amount of learning of some specific activity, is by 
means of the test-retest method. By using the test-retest 
method, the level of previous knowledge concerning the 
activity may be established. Using this information any 
gain in knowledge can be easily established. A detailed 
section on the test t~chnique *ill be found in the next 
chapter. 
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The eighth step in the experimental procedure involved 
the compilation of statistics using the scores on both the 
pre-test and the post-test, the group modal mental age 
which had been computed from the I.Q. and the chronological 
age of each pupil. As was stated above only the scores of 
those pupils with mental ages of plus or minus six months 
from the mode were included in the statistical analysis. 
If a pupil of the experimental group showed a lack of under-
standing of the questions relating directly to the demonstra-
tion on his post-test, his scores were excluded from the 
analysis. A score which was less than 80 per cent correct 
on this part of the post-test was not used. The second 
chapter of this thesis contains a detailed explanation of 
how the scores were handled statistically. 
The ninth and final step of the procedure was the making 
of a tape recording using the previously refined script for 
the demonstration lecture. When this had been done and the 
resulting recording found satisfactory, it was packaged along 
with the test booklets, sample answer sheets, and the 
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demonstration material. In this way, all necessary informa -
tion and equipment will be ready for future investigators 
using the same principles. 
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
1. Teaching by the Use of Principles 
The teaching of science by principle rather than by 
extraneous collections Qf facts has been generally accepted 
by educators. The Thirty-first Yearbook of the National 
Society for the Study of Education, says that life enrich-
ment, the aim of education, can best be achieved if the 
school~:;! activities are 11 of the kind from which ideas may be 
developed and if the ideas may in turn be associated into 
principles and generalizations that are interwoven into 
human experience. Functional learning is conditioned upon 
attainment of some such integration. 111/ 
Hoban says: 11 Education is not simply the accretion of 
information. It involves the fundamental knowledge and the 
understanding of the basic principles of the universe, of 
which man is a part • 11 _g/ 
The inductive method.--Here the learner arrives at a 
general conclusion, e.g. certain laws of physical sciences, 
1/ National Society for the Study of ~ducation, A Program 
for Teaching Science, Thirty-first Yearbook, 1932, Part 1, 
p. 242, The University of Chicago Press, Chicago, Illinois. 
£/ Charles F. Hoban, Focus on Learning, American Council 
on Education, Washington D.C., 1942, p. 34. 
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by examining a number of individual cases. The weakness 
in this method is that there is a possibility of too general 
a conclusion, as the enumeration of particulars can never be 
totaled. For example after several enumerations of plants 
having flowers such as, the cactus has a flower; the buck-
wheat has a flower; the stringbean has a flower; we mi~~t 
conclude all plants have a flower. This is too general a 
conclusion as there are active fungi which do not possess 
flowers. Induction is thus essentially imperfect as a mode 
of reasoning, though invaluable as a means of fixing general 
principles and laws amid the succession of particularities 
given in experience.l/ 
The deductive method.--The learner reasons from a 
principle to a particular. It is in this method that we 
shall be mainly interested, for we are basing our whole ex-
periment on the reasoning powers of the learners to go from 
the principle to a particular inference to the principles 
in their learning process. For example: If the learner 
understands the principle of friction he can deduce that 
heat is released and wear between the surfaces takes place 
when one body is rubbed over another. 
A large amount of our teaching attempts to pupils to see 
1/ R. J. Me Call, Basic Logic, Barnes & Noble Inc., 
New York, 1947. 
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the implication of the laws, principl es and rules that they 
may have learned. As contrasted with induction, deduction 
is a much simpler and shorter process. It i~ an unusual sit-
uation when a bit of deductive teaching lasts longer than a 
few minutes. 
Advantages of deductive educative teaching: 
1. Much more simple than tne inductive method 
2. Results in very desirable outcomes · 
3. Introduces factors of organization 4. Makes meaningful the principles that have been 
mastered already 
5. Arouses puzzle or questioning instinct, a very 
valuable aid 
6. Helps pupils to derive their principles from 
books or demonstrative techniques.y 
Jones,~/ Leonelli,2/ Martin~/ and others have empha-
sized the value of teaching science by principle, and have 
listed hundreds of principles. 
However, there is some disagreement as to what consti-
tutes a principle. Heinmann defines a principle as "a 
statement of relationship between two or more facts. 11..2/ 
1/ c. B. Holley, The Teacher's Technique, The Century · 
Company, New York, 1924. 
~/Ruth V. Jones, A Study of the Principles of Science 
Found in Ninth-grade Textbooks of General Science, Unpub-
lished Master's Thesis, University of Michigan, 1946~ 
3/ Renato E. Leonelli, Principles of Physical and Biolog-
ical Science for Grade Ei .t, Unpublished Master's Thesis, 
Boston University, 19 7. 
4/ W. Edgar Martin, "A Determination of the Principles of 
the Bi·ological Sciences of Importance for General Educa-
tionn, Science Education (March, 1945), 29:100-105; 
(April-May, 19h5) , 29:1$2-163. 
5/ Ailsie M. Heinmann, "A Study of General Science Text-
books 11 , General Science Quarterly (November; 1928), 13:11. 
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Wilbur 1 s definition as stated by Martin1/ is much more 
precise and makes a principle a very specific kind of gen-
eralization. His criteria state that a principle----~ 
"Is stated positively and definitely 
Is true but with rare exceptions within the 
limitations set up by the statement 
Clearly states or implies a dynamic process 
or interaction 
Is demonstratable experimentally 
Is clearly not a part of a larger principle 
which can be clearly stated 
Is not merely a definition or description 
Has wide application in the natural environ ... 
ment and is not ruled out by any of the 
pl'eceding criteria. 11 
Robertson 1 s definition of a principle was the result of 
many weeks of consideration by a seminar in science teaching 
under F. D. Curtis at the University of Michigan:~/ 
"a. To be a principle a statement must be a com-
prehensive generalization 
b. It must be true without exception within 
limitations specifically stated 
c. It must be a clea~ statement of a process 
or an interaction 
d. It must be capable of illustration so as to 
gain con vic tj_on 
e. It must not be a part of a larger principle 
f. It must not be a definition 
g. It must not deal with a specific substance" 
With this definition, Robertson sought to determine a 
comprehensive list of principles suitable as goals of instruc-
tion for elementary schools. He evaluated nine separate studies 
1/ William b dgar Martin, "A Chronological Survey of Research 
~tudies on Principles as Obje~tives of Instruction in 
Science 11 , Science Education (February, 1945), 29:L~5-52. 
2/ Martin L. Robertson, "Selection of Science Principles 
~uitable as Goals of Instruction in the Elementary School", 
Science Educ~tion (Februl;lry-April, 1935), 19:1-4, 65-70. 
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listing principles found in textbooks, arranged according to 
frequency and stress, by a jury of three science teachers 
and several subject matter s:r;e cialists. A list of' the 243 
principles found was sent to fifteen elementary school 
science teachers and from their ratings 113 principles were 
chosen. These are the principles used in the present study. 
Some results.~~There is considerable evidence that 
scientific principle~ can be taught effectively to students 
at the secondary level. Freud and Cheronis readministered a 
comprehensive test to students of a survey course in physical 
science one year after the course had been completed. They 
found that principles and the ability to apply such prin~ 
ciple s were retained much better than were unrelated facts)/ 
Babitz and Keyes paired e i ght classes in chemistry in 
two California Hi gh Schools. Four of the classes, designated 
as the control groups, received standard instruction; the 
other four designated as the experimental groups, had direct 
and intensive training on the application of' principles. 
The tests administered at the end of the experiment required 
the solution of' problems in chemistry and the identification 
of scientific principles related these two. All the exper~ 
imental groups showed superiority over the control groups in 
1/ Henrietta z. Freud; and Cheronis, N. D., 11 Retention in 
the Physical Science Sur·vey Course 11 , Chemical Education 
Journal (June, 191-J.O), 18:288 .. 293 
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the same schools. The differences however were not statis-
tically significant.l/ Kilgore paired 120 students in high 
school physics with respect to their previous experience in 
science courses studied and. I.~. He found at the end of his 
study that students of both high and low abil:i.ty were sig-
nificantly better in making applications of principles of 
physics when the instructor placed emphasis on such applica-
tion._g/ 
The evidence from these stl,.l.dies seems to indicate that 
the learning of principles of science, and the ability to 
apply them, may be attainable objectives of the teaching of 
science at the secondary level provided such objectives are 
emphasized in instruction. 
2. The Lecture-Demonstration Method of 
Teaching 
A. The Effectiveness of Lecture-
Demonstrations 
The areas which will be treated in this section 
are to define and describe the term lecture-demonstration, 
and then to quote freely the written opinions of science 
·l/ Babitz and Keyes, "An Exr,eriment in Teachlng Pupils to 
Apply Scientific Principles 1 , Science Education (December, 
1939), 23:367-370. 
2/ W. A. Kilgore, "Identification of Ability of Apply 
Principles of Physics 11 , Teacher's College Contribution 
to bducation, No. 840, Columbia University, New York, 
1941, p. 34 • . 
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educators with regard to the use of demonstrations in science 
teaching, describing the psychological and logical basis for 
the use of demonstrationsin teaching, Then, a review of the 
research in which the lecture-demonstration is compared with 
other methods of science teaching will be presented. 
Before discussing desirable qualities in a demonstration, 
MackJ:/, in describing and def:i,ning a demonstration, says in 
part: 
"Inherent in the concept of demonstration .is the · 
factor of movement of a material ~hing, not a 
static condition or display. A demonstration is 
an appeal through the senses of sigh! and of 
hearigg, and less frequently through the other 
senses. Results must follow the purpose: there 
must be conviction, compelling to an inescapable 
conclusion." 
Regarding lecture-demonstrations, Stuit and Englehar~/ 
express their definition by stating: 
"The term lecture-demonstration is used to describe 
a method of teaching in which the teacher carries 
out a demonstration for the entire group and lectures 
in parallel with it. The students observe the demon-
stration and ask any questions which they desire about 
the demonstration or theory involved." 
1/ Joseph A. Mack, "Desirable Qualities in Demonstration 
Apparatus", School Science and Mathematics (January, 1950), 
.50:21. 
2/ Dewey B. Stuit, and Max D. Englehart, 11 A Critical 
Summary of the Research on the Lecture-Demonstration 
Versus the Individual Laboratory Method of Teaching 
High School Chemistry", Science bducation (October, 1932), 
16:380. 
3.5 
Any discussion of the use of the demonstration in 
science teaching should be related to certain principles of 
learning. Potthoffl/ has expressed awareness of such a 
relationship in the following writing: 
11 The use of the concrete, p~rticularly wher·e it 
deals with the unfamiliar, can provide an ex~ri­
mental basis for learning, whether that learning 
be remembering facts, understanding processes,. 
seeing relationships, or getting an idea of how 
motor skills are executed. Direct experience, 
especially if it is with the unfamiliar, may 
motivate the learner, attract his attention, 
stimulate his interest, and arouse his curiosity. 
Demonstrations can be helpful also in facilitating 
comprehension of the abstract, giving reality to 
the spoken word, and reinforcing it by providing 
impressions through several sense avenues. In 
general, learning may be more meaningful, more 
accurate, more complete, and more permanent if 
it is based upon actual experience with that 
which is being studied." 
Additional emphasis on the importance of the real or 
direct experience in learning has been made by Richardson 
and Cahoon in Methods and Materials for T~~~g General 
and Physica.l Science.?./. They stated that: 
"Probably the most usual use of the demonstration 
is for illustrating and explaining scientific 
principles and their applications. For most 
students seeing the real thing is much more 
helpful than reading about it or looking at a 
picture of it." 
1/ Edward F'. Potthoff, "The Use of Demonstrations in 
Science Teaching", Science E9:.ucation (December, 1945), 
29:253. 
2/ John S. Richardson an4 G. P. Cahoon, Methods and 
Materials .for Teaching General and Physical Science, 
McGraw Hill Book Company, New York, 1951, p. 17. 
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Whether the demonstration precedes or follows activi-
ties such as discussion, reading, films, and laboratory 
work, it may not automatically provide an understanding; 
but it furnishes a real experience upon which the teacher 
may build, along with other well-chosen procedures and 
activities. 
Demonstrations can be used for providing pupil exper-
iences in thinking. Cahoon 1 s1/ views on this topic are, in 
part, these: 
"The demonstrations, laboratory experiments, 
directed studies, pupil projects, motion 
pictures, textbook statements, and pupil-
teacher discussions are teeming with possibil-
ities for pupil experience in thinking. It is 
largely a matter of utilizing these appropriately 
as one goes about teaching science facts and 
principles to pupils. 
Like any other teHching aid or pupil activity, 
a particular exercise or experience in think-
ing may or may not be appropriate to use with 
a particular class at a given time. 
A certain demonstration for one class may be 
given to help obtain a particular fact of 
science, at another time as an experience in 
accurate observation, at another to utilize 
~ evious knowledge by predicting 1what will 
happen', at another as an awplication of a 
recently studied principle. 1 
However, it must be added here, that "A demonstration 
performed by a teacher who points out what is happ~ning and 
indicates the conclusion which should be drawn or how it 
illustrates a particular principle may furnish little experience 
1/ G. P. Cahoon, 11 Using Demonstrations for Providing Pupil 
Experiences in Thinking", Science Education (Oct., 1946), 30:196. 
37 
in thinking. n]/ However, 11 thinking" comes when the principle 
is applied. 
Before presenting a review of the research in which 
the lecture-demonstration is compared with other methods 
of science teachinG, the evolution of the popularity of the 
demonstration method should be mentioned. Web~/ states 
that it developed in this manner: 
"The growth of the demonstration method as a 
substitute for the individual experiment was 
accelerated by the depression, during which 
time funds for operating the schools were much 
reduced. It was argued that if the course in 
science be given by demonstrations, only one 
set of apparatus need be procured; whereas if 
it were given by student individual or group 
experiments a considerable number of duplicate 
sets must be purchased. 11 
Cunningham's summary of "Lecture Demonstrations Versus 
Individual Laboratory Method in Science Teaching"J/ covers 
a twenty-five year period. The field of research includes 
eighteen Master's Theses, six Doctorate Studies, and other 
stud;Les. All of the reports were published in such pro-
fessional periodicals as: Journal of Ed 1.lCational Psychology, 
School Science and Mathematics, School Review, Journal of 
Educational Research, and Pennsylvania School Journal. From 
1 • ' 
the results reported by the experimenters, Cunningham~/ 
1/ JohnS. Richardson and G. P. Cahoon, op. cit., p. 67. 
- I 
2/ Charles S. \!Jebb, "The Teaching of Advanced Science 
Using the Demonstration Method", School Science and 
Mathematics (January, ~938), 38:23. 
3/ Harry A. Cunningham, "Lecture Demonstrat;Lons Versus 
!ndividual Laboratory Method in Science Teaching - A 
Summary 11 , Science Education (March, 1946), 30:70-82. 
}±/ I b i d. , p , 7 6 • 
states that: 
"Twenty-eight studies gave specific attention to 
the general outcome - immediate recall or' immed-
iate results. Twenty ga v e results favoring the 
demonstration method; six favored the individual 
laboratory method; and two said that there was 
no difference .fbetween the two method~?. 
Of the twenty-four studies that gave specific 
attention to delayed results, then favored the 
demonstration method, eleven the individual 
laboratory method, and three reported no differ-
ence. 
The interest stimulated in the pupils by the 
two methods was studied in seven of the enter-
prises. The majority of the pupils in three LOf the enterprise~7 favored the demonstration 
method; and in four /Of the enterprises7 favored 
the individual laboratory method. -
All of the studies - fifteen - that gave atten-
tion to the time required by each of the two 
methods reported a .saving of time under the 
demonstration method. The time saved varied 
from one-fifth to one-half. 11 
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Later in the summary, Cunninghaml/ tells of the treat-
ment of scientific thinking in these studies by these 
comments: 
"Seventeen studies gave attention to one or more 
of the elements of scientific thinking but no one 
undertaking made even a slight beginning in the 
study of this problem in all of its many aspects. 
The elements of the thinking process that were 
studied in some of the undertaking s were as 
follows: amount retained in thought work; making 
proper conclusions to an experiment; application 
of principles learned; ability to think in terms 
of science subject; ability to follow the steps 
in scientific procedure; per cent of thought 
questions answered correctly; method of attack 
on new problems; scientific attitude; ability to 
1/ Op. cit., p. 76 
observe; learning a scientific principle; greater 
carry-over ability; ability to distinguish between 
fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to 
some phases of this big and very important problem, 
twelve favored the demonstration method; four the 
individual laboratory method; and one came to the 
conclusion that the pupil could learn to think 
about equally well by either ffietho_37." 
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This comprehensive stat~ment is part of the concluding 
remarks made by Cunningham1/: 
11 0ur decis:i,on, as to what to do in practice, is 
made easier when we realize that all of our 
laboratory teaching need not - should not be done 
by one method. It is possible that we may be 
ignoring a whole continuous series of possibil-
ities between these two extremes. In many cases 
it may be found best to use both methods in teach-
ing a given idea in science. 11 
The studies presented in the summary of Cunningham 
were ranked according to the criteria presented in an 
t . 1 b s t . t d - 1 , 4- 2/ . 3/ ar -lc e y u1 an Eng enar~ by Ke1ser~ as to their 
superior or inferior value. It is well to note here that 
Keiser used only the first six of the seven criteria to 
determine the value of these studies. The seven criteria, 
as established by Stuit and Englehart, are as follows: 
(1) specification of experimental factors; (2) control of 
1/ Ibid., p. 79 
3/ Op. cit., pp. 380-391. 
3/ Louis B. Keiser, The Present Status of the Lect1~e­
Demonstration Versus the Individual Laboratory Method 
of Teaching Science in the High School, · Unpublished 
Master's Thesis, City College of New York, 1933. 
I· 
pupil factors; (3) control of t ea cher factors; (4) control 
of general school factors; (5) duration of experiment; 
(6) measurement of achievement; and (7) interpretation of 
experimental data. 
For comparative purposes the writer has used the 
studies of Anibel1/, Knox2/, and WileyJ/ in this discussion 
because each study is partly concerned with the demonstra-
tion method ~ersus the laboratory method of teaching high 
school chemistry. The problem of the research as stated by 
each author and the significant conclusions, in part, will 
be related. 
The study of Fred G. Anibel~/, ranked superior, is as 
follows: 
Problem: To determine scientifically through 
objective data how the r esults of teaching 
high-school chemistry by lecture-demonstration 
method compared with the individual laboratory 
method. 
Conclusions, in part: 
1. The immediate retention is as adequate 
when material is presented by the lecture-demon-
stration .method as when the class is taught by 
1J Fred G. Anibel, "Comparative Effectiveness of Lecture-
Demonstration and Individual-Laboratory Method", Journal 
of Educational Research (May, 1926), 13:355-365. 
2/ W. W. Knox, "The Demonstration Method Versus the 
Laboratory Method of Teaching High School Chemistry"~ 
School Review (May, 1947), 35:376-386, 
3/ William H. Wiley, 11 An Experimental Study of Methods 
in Teoching High School Chemistry11 , Journal of Educa-
tional Psychology (April, 1918), 9:1~~198. 
1±/ Loc. cit. 
the regular individual labor a tory procedure. 
Indications are that the lecture-demonstration 
procedure would result in better iurrnediate re-
tention. 
2. The delayed retention is so little 
different that one method may be considered as 
good as the other. There was a slight indica-
tion that the material was better remembered 
when taught by the individual laboratory pro-
cedure. 
3. The br~ter students are likely to 
E£Ofit more by the lecture-demonstration method 
t hin are the others: 
Th t d b F- v-.r 1I 1/ .. 1-. ' h n1 d • e S U y y vV • v • AnOX- , vulC was ra {e super1or, 
is as .follows: 
Problem: To establish the relative value of the 
demonstration and laboratory methods of science 
ins true tion. 
Conclusions, in part: 
1. The demonstration method is superior to 
the laboratory method in teaching mentally 
heterogenous groups of pupils .for the purpose of 
imrnediate .... retention .[and relatively permanent 
retentioE/of subject matter i n high school chem-
istry. 
2. For the purpose of imparting to a group 
of pupils a scientific attitude and training in 
a method of attack on new problems, the demon-
str·ation method is equal, if not superior, to 
the laboratory method of instruction. 
3. From the standpoint of the coefficients 
of correlation, it appears that the demonstra-
tion method provides su~erior opportunity for 
adaptation to individua l differences in mental 
ability so far as teaching for immediate reten-
tion, delayed retention, and method of attack 
are concerned. 
4. So .far as providing knowledge and method 
of attack are concerned, the laboratory method 
is slightly super.ior to the demonstration method 
in the case of the average inferior pupil. 
1/ Loc. cit. 
5. For the purpose of providing knowledge 
for both immediate retention and relatively 
permanent retention, and for the purpose of 
providing a technique for handling new problems, 
the demonstration method is much to be pre-
ferred to the laboratory method in the case of 
the average superior pupil. 
Before stating the problem and significant conclusions 
of a study ranked inferior · by Keiserl/ accordi ng to the 
first six of the seven criteria developed by Stuit and 
Englehart£/, it should be recognized that the study made by 
Wiley.d/ was a pioneer enterprise, being published in 1918. 
Probably it has been ranked as of inferior value because 
of the following factors: no mention is made of any attempt 
to measure the mental abilities of the pupils~/; the tests 
to measure immediate and delayed retention were of doubtful 
validity; the method of scoring the tests was highly sub-
jective; and there was no mention made of statistical 
treatment of the data found. 
The study made by William H. Wiley~/ is as follows: 
Problem: To determine the best of the three 
methods of teaching chemistry, the textbook 
recitation method, the so-called lecture 
Ldemonstration7 method, and the laboratory 
method. 
Conclusions, in part : 
1. There is not as great a difference 
1/ Loc. cit. 
~/ Op. cit., pp. 380-391. 
11 Loc. cit. 
~/ Note the date of publication of the first group 
intelligence tests. 
5/ Loc. cit. 
as is ordinarily supposed in the value of the 
three methods, lecture fdemonstratioE7 , text-
book, and laboratory, so far as imparting 
knowledge is concerne d. 
2. For immediate learning the textbook 
method is unquestionably superior. 
3. For permanent learning the laboratory 
method is perhaps slightly superior. 4. In every respect the lecture fdemon-
stration/ method is the least effective in 
imparting knowledge to high school students. 
5. The rate of forgetting is greatest 
with the textbook method and least with the 
laboratory method. 
6. The different methods show decided 
individual differences both for immediate and 
delayed reproduction. 
7. Probably a combination of the three 
methods willgive the best results in teaching 
high school chemistry. 
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Stuit an~ Englehartl/have also made an excellent crit-
ical analysis of the lecture demonstration versus the indi-
vidual laboratory method of teaching high school chemistry. 
A summary of their report, which consisted of the combined 
conclusions of various investi gators, is as follows: 
Conclusions contending that the laboratory method 
i s s upe r i or : 
1. There is a slight indication that 
material was better retained when taught by 
the individual laboratory method - Anibel. 
2. The order of preference of the methods 
studied places the individual laboratory method 
before the demonstration method - Horton. 
3. In every respect the lecture method is 
least effective in imparting knowledge to high 
school students - Wiley. · 4. For p erman ent learning the laboratory 
method is perhaps slightly superior - Wiley. 
5. For providing knowledge and method of 
17 Op. cit. , pp. 388-391 
attack, the laboratory method is superior for the 
inferior pupil - Knox • 
.Qonclusi~ns claimi~_that the demonstration method 
is superior: 
1. Bright pupils are more likely to profit by 
the lecture-demonstration method than are the 
others - Anibel. 
2. Dull pupils profit more from demonstra~ 
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tion than from individual laboratory work - Carpenter. 
3. The lecture-demonstration takes less 
time and costs less ~ Anibel. 4 .• The teacher (demonstration) me-thod is 
best - Nash and Phillips. 
5. Lecture-demonstration method gives better 
control over the individual since all are under 
teacher guidance - Pugh. 
6. For purpose of providing knowledge for 
both immediate and permanent retention and for 
the purpose of providing technique or handling 
new problems, the demonstration method is much 
to be preferred to the laboratory method in 
case of average sup3 rior pupil - Knox. 
Conclusions contending that the students achieveq 
equally well by either method: 
· 1. Immediate retention is about equal in 
both lecture-demonstration and individual-labor-
atory methods - Anibel. 
2. There is not as great a difference as 
is ordinarily supposed in the value of the 
three methods, lectm~e, textbook - and labora-
tory, so far as imparting knowledge is concerned -
Vdley. 
3. The results of this experiment point to 
the conclusion that the majority of students in 
high-school, laboratory-chemistry classes, taught 
by the demonstration method, succeed as well as 
when they perform the experiment individually, if 
success is measured by instruments which measure 
the same abilities as are measured by these 
tests, namely, specific information and ability 
to think in terms of chemistry - Carpenter. 
General conclusions based on evaluation of the 
reported research: 
After considering the above conclusions 
the writers have arrived at a few ideas which 
seem justifiable in the light of the evidence 
.•' 
given by this study . 
1. No method can be considered to be the 
best in every case. The objectives of chemistry 
teaching, the preference of the te a cher, the 
nature of the pupil, and the facil ities of the 
schools will largely determine which method 
should be used. 
2. In small schools where money and space 
are not pl6ntiful the lecture~demonstration 
method seems to be most practicable. 
3. The wri tten test cannot be used to 
test all the outcomes of a course in hi gh school 
chemistry. Some sort of manipulative tests 
seem necessary to test the laboratory skills. 4. The problem of the relative merits of 
the lecture~demonstration and individual-labor-
atory methods still seems unsolved and as complex 
as ever. More careful experimentation, involving 
careful control of non-experime ntal factors and 
reliable testing, is n ee ded in order to justify 
any definite and final conclusions. When exper-
imentation has shown the relative superiorities of 
the methods in terms of out comes, the methods 
should be evaluated in terms of the values 
attached to these outcomes. 
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Evidence of the evolution of teaching methods parti-
cularly by the visual method is apparent in the next study 
to be considered, that of Smithl/ • The visual method has 
been long recognized by leading educators as one of the 
most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school 
that does not, in one way or another, make use of visual 
aids in teaching . The alert teacher and administrator 
are constantly seeking suggestions and illustrations by 
means of which the vague conceptions of the pupils may 
be made into real facts and parts of their experience. 
1/ Herbert A. Smith, "A Determination of the Relative 
Effectiveness of Sound Motion Pictures and Equivalent 
Teacher Demonstration in Ninth Grade General Science 11 , 
Science Education (April, 1949), 33:214-221. 
Any method will not be 
clarity and simplicity 
overlooked if 
combined • .!/ 
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it can provide both 
In the study done by Smit~/ the problem involved was: 
l. What is the relative effectiveness in ninth 
grade general science classes of experimental 
demonstrations pBrformed by the teacher . Hnd 
equivalent demonstrations presented through the 
medium of educational sound motion pictures. 
2. The determination of the relative effective-
ness of these t wo instructional techniques with 
pupils of different levels of intelligence. 
In the plan of s tudy three methods of presentation were 
used: (l) teacher demonstration, (2) use of films, and (3) 
a combination of teacher demonstrations and the use of 
films. 'Ihe conclusions made, as a result of this study, 
were as follows; 
l. Educational sound motion pictures and teacher 
demonstration are of equal merit as instructive 
devices in ninth grade general science when they 
include essentially the same materials in so far 
as merit can be determined by the techniques em-
ployed in this investigation. The use of either 
method singly is as effective as the combination 
of the two. 
2. There is a tendency for increased intelligence 
as expressed in terms of an intellig ence quotient 
to be accompanied by increased learning where 
learning is represented by the gain of final over 
initial test scores on the objective tests used 
in this investigation. The degree of relation-
ship is independent of the method of instruction 
1/ Paul Arthur, Lecture Demonstrations in General 
Chemistry, McGraw Hill Book Company, New York, 1939, 
pp. 2-4. 
~/ Op. cit., pp. 214-215. 
utilized indicating the same relative value for 
sound motion pictures and teacher demonstrations 
portraying essentially identical materials re-
gardless of the level of intelligence of the 
students. 
Certain similarities exist between the problem of 
this science seminar an d the problem investigated in the 
study by Croxton.l/ His problem was stated thusly: 
"Is the failure of children to generalize due 
primarily to lack of power or tendency, or is 
it simply due to want of sufficient experience •.•• 11 
In this study most of the experiments tested the 
pupils ' ability to formulate and apply a principle after 
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eight minutes exposure to the essential experimental basis 
in the form 'of a demonstration or directed play. The ten-
tative conclusions made by Croxton~./ are as follows: 
1. The data indicates that many children in the 
higher primary, the intermediate, and the junior-
high school grades are capable of generalizing . 
2. While the experiments do not prove that most 
pupils in the kindergarten and l ower primary 
grades could not gener a lize if a more adequate 
experience basis was provided, the data together 
with the evident obses nion manifested by these 
children for obtainingemotional satisfaction 
do sugge st that early childhood is pree111inently 
a period for satisfying reactions. 
3. There is little in these e~eriments to 
suggest that junior-high school pupils possess 
markedly superior ability to generalize than 
interme diate gr ade pupils possess, the differ -
ence i n the scores in . J·avor of the former bein_g 
1/ W. C. Croxton, "Pupils' J.b ility to Generalize", 
School Science and Iv1athematics (June, 1936), 36:627-634. 
~~Ibid., p. 634 . 
lit t le more than mi ;..)1t reasonably be credited to 
act~experien~ . 
In summary, therefore , of t h e research and studies 
compiled by investi gators on the value and the effective-
ness of the lecture-demonstration , as compared to other 
methods of science teaching s uch as the individual labora-
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tory method, the textbook method, and sound motion pictures, 
it can be concluded that the lectur e -demonstration method 
or science teaching is equal to, if not better than, any 
other metho d of teach ing . It incorporates direct experi-
ence of the pupil, pupil experience in thinking , utiliza-
tion of the senses, understanding processes, application 
of s cientific principles, and ability of the pupil to 
generalize. 'rhrou gh the use of the le cture-demons t ration 
most, if not all, of these above qualities are satisfied. 
Again, the write r would like to cite the f a ct tha t the 
lecture-demonstrat i oh metho d is equal to, if not better 
than, any other method. of teaching science. 
2. Criteria for a Good Demonstration 
Statement of the problem. --Th ere are two problems involved 
in developing a list of' criteria f' or a good demonstration:, 
(1) to define clear ly the word 11 demonstration11 as it is to 
be used in this e xperiment; (2) to evolve, through reference 
to the literature, the criter ia . 
Need fo~ research.--Since the demonstration is the 
ins true tiona]. procedure se lected for use in the experiment, 
it is necessary to clarify the mea ning of the demonstration 
method. 
Noll]/ has pointed out the fact t hat inve s tigators 
seldom define teaching methods carefully and minutely 
enough. Various writers have · recognized the need in re-
search for accurate definition of terms. Like Noll, 
Riedel~/ has made a plea for clear definition of teaching 
methods and experimental procedures. Mack 1/ has stated 
that there are as many definitions of 11 demonstration" as 
there are authors treating the sub ject. Preston4./ also 
realized this and called for clarification and unification 
of terminolo gy . 
Mo st of the literature on the demonstration method 
fails to recognize the difference betwee n the lecttwe-demon-
stration, the class experiment, and the illustrated lecture. 
1/ Victor H. Noll, The Teaching of Science in El ementary 
and Secondary Schools, Longr ams, Green and Co., London 
and Toronto, 1939, p. 63. 
2/ F. A. Riedel, 11 What, If Any thing, Has Been Proved as 
io the Relative Effe ctivene s s of the Demonstration and 
Laboratory Methods in Science '?" School Science and Math-
ematics (May, 1927), 27:513. 
3/ Joseph A. Ma ck, 11 Des irable Qualities in Demonstration 
Apparatus", School Science and Mathematics (Jan., 1950), 
50:21. 
4/ Carleton E . Preston, "Is the Debate in Common Terms?" 
Science l!.;ducation (February, 1935), 19:14-16. 
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Preston l/ attributes much of the success of lecture-demon-
strations to their actually being class experiments. 
Definition of demonstration.--The demonstration is in this 
experiment actually a l e cture-demonstration. Reference to 
the literature will help to clar·ify the meaning. First, 
the "demonstration" is defined by the Dictionary of Educa-
tion~/ as follows: 
The 
"(1) The method or process of presenting or 
establishing facts; ( 2) the procedur·e of doing 
something in the presence of others either for 
means of showing them h ow to do it themselves 
or in order to teach a principle." 
same source.J/ defines the lecture-demonstration thus: 
11 An ins true tional procedttre in which the verbal 
message is accompanied by use of apparatus to 
illustrate principles, determine or verify facts, 
clarify different parts, or test for comprehen-
sion of material under dls cus slon. 11 
Prestonbt/ f'LIT'ther clar•i.fies the concept of the lecture-
demonstration as distinct from the clas s experiment: 
11 In true lecture-demonstration t h e teacher shows 
eve rything, explaining or interpreting each point 
as he, or some pupil, performs the work. In true 
class experimentation the teacher endeavors, by 
well-directed questions, to get the members of 
the class to observe or come to conclusions them-
selve s as to the proper interpretation, and per-
haps to plan further steps or procedures. Thus, 
_!I Lee. cit. 
2/ Carter V. Good (Editor), Phi Delta Kappa, Dictionary 
of Education, McGraw-H:ill Book Company, Inc., New York, 
19 45 , p 0 124 . 
J/ Ibid., p. 238 
4/ Carleton b. Preston, The Hi!I,h School Science Teacher and 
His Work, McGraw-Hill Book Company, Inc., New York and London, 
1936, PP• 192-193. 
in t :1e lee ture -demonstr a tion t h e flow of information 
and explanation is from teacher to pupils; in the 
class experiment it is exactly the opposite. 11 
Elsewhere, in defining lecture-demonstration, Preston~/ 
mnkes the point tha t "no questions interrupt the speaker 
and he asks his audience none, other than for rhetorical 
effect. 11 
Preston, however, does not distinguish the lecture-. 
demonstration from the illustrated lecture as does the 
Encyclopedia of Modern Education;l/ 
11 The lecture-demonstration differs from the 
illustrated lecture in that the latter focuses 
attention on the screen and shows the relation-
ships by means of pictures, slides, moving 
pictures or sr:e cimens while the lecture-demon-
stration focuses attention on the lecturer who 
shows the relationships through the use of 
manipulation of physical material, machines or 
appliances . 11 
The meaning of "demonstration" is further expanded by 
the following observation made by Mack:2/ "Inherent in the 
concept of demonstration is the factor of movement of mater-
ial things, not a static condition or display. 11 This so-
cal led dynamic quality of the demonstrati on leads MacJt/ 
to exclude from the demonstration procedure certain stand-
ard teaching materials: 
1/ Carleton .G . Preston, "Is the Debate in Common Terms? 11 
~cience ~ducation (February, 1935), 19:14-16. 
:?:._/Harry N. Rivlin , Encyclopedia of Modern Education,; The 
Philosophical Library of New York City, New York, 1943, p. 452, 
3/ Op . cit., p. 21. 
l:J/ Loc. Cit . • 
11 objects, unless they can be or:o rated ••. so 
also, specimens, samples and parts ••• Likewise 
models, as such, ate barred unless they are 
working models; so also, miniatt~es and enlarge-
ments.11 
Although micro-projection techniques are gaining increasing 
favor in demonstration work ,l/ it would seem that this 
method should also be excluded on the same basis as the 
other visual aids. 
Further, Mack~/ states tqat the demonstration is 11 an 
appeal through the senses of si ght and hearing and less 
frequently through the other senses. 11 He would , therefore, 
exclude from demonstration work materials that appeal to 
only one sense ; such as, transparencies, pictures, charts, 
recordings and radio reproductions. 
Thus certain characteristics of the demonstration have 
be en determined by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
J, It differs from the class expe~iment ~ 
4. It differs from the illust1•ated lecture, 
5. Movement and action are essential . 
6. It is an appeal through two senses: sight and hearing . 
The necessary implications of e a ch of t he se statements have 
already been suggested. 
1/ Mary A. Ott, 11 Microtechnique for Projection Demonstration 
in General Science" , School Science and Mathematics ( JanuaryJ 
1946), 46:68-73. 
~/ Op. cit., p. 21 
Review of the literature.--A review of the literature 
was made in order to discover those basic principles which 
might be used as a guide in doing demonstrations. 
First, a search was made to locate any previous studies 
that paralleled this investigation. The Bibliographic 
Index provided the necessary references. It was found that 
many investigators had subjectively listed criteria in one 
form or another. However, only one study, doc1~ented with 
refere11ces, proved similar to this one. Mack~/ covered 
many of the same sources in developing his checklist for 
evaluating desirable qualities of demonstration apparatus. 
He lists as 11 factors 11 those conditions inherent in the 
physical surroundings and in good techniques and as 
"qualities" those conditions inherent in the apparatus. 
Much of his research had to be duplicated in this review, 
but for a different purpose which called for more complete 
and descriptive statements. 
A working bibliography was developed consisting of 
five types of sources: (1) professional journals and 
science publications, (2) methodology textbooks, (3) teach-
ing science textbooks, (4) audio~visual texts and 
(5) books on experiments. The following reference sources 
were consulted: Bibliographic Index, Encyclopedia of 
I 
Educational Research, Bibliographies and Summaries in 
,l/ Op. Cit., pp. 19-31. 
Education, Reader's Guide, Internationa l Index, Ulvich 1 s 
Periodical Directory, Vertical Fil e Service, and the 
Education Index . 
There was great variety in the nature of the material cov-
ered whi ch included such items as: 
1. Steps to follow 
2. Desirable qualities 
3. Desirable characteristics 
4. Points to keep in mind 
5. Rules for demonstrating 
6. Suggestions for making clemonstrations effective 
7. Criteria 
8. General discussions of the demonstration method 
'Norks included in this study fall into four categories: 
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(1) Those vihich deal with the demonstration in a general 
sense; (2) those from the field of biology (3) those from 
the field of physics (4) those from the field of chemistry. 
Several of the authors in the first cate gory , the 
"general", emphasize only one or a few aspects of the use 
of demonstrations. In discussing the presentation of 
example demonstrations, Cahoon!/ indicates certain steps 
taken to insure effe ctiveness of the demonstration and 
emphasizes only visibility and size of apparatus. 
,!/ G. P. Cahoon, "Using Demonstrations for Providing Pupil 
Experi ences in Thinking", Science Education (October, 1946), 
30:196-201. ' ' 
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Colvin1/ offers three cautions to be observed in class demon-
strations. Hoff'Yemphasizes only visibility and planning. 
Pinkus]/ suggests the need for apparatus especially designed 
for demonstration purposes and stresses the factor of visi-
bility. 
A few in this same group attempt more detailed coverage. 
Potthoff,lf/ f'or example, offers several suggestions for per-
forming demonstrations effectively and contributes many ex-
cellent ideas. In discussing the art of lecture tabl~ 
t t . . 5/ . 1 demons ra lon, Davlson- mentlons several ru es to follow 
6/ in demonstrating. Rakestraw- touches on six different 
aspects of the good demonstration in his extensive discussion 
of lecture-demonstration. 
i/ Stephen Sheldon Colvin, An Introduction 
Teaching, The Macmillan Company~,~N~'e~w~Y~o~r~k~,~~~~~~~~ 
'3:..,/ Arthur G. ·Hoff, Secondary School Science Teaching, The 
Blakiston Company, Philadelphia and Toronto, 1947, PP• 188-
189 •. 
J/ L. F. Pinkus, "Some Suggestions in Demonstrations", 
Science (October 2J, 1933), 78:364. 
4/ Edward F. Potthoff, "The Use of Demonstrations in Science 
Teaching", Science Education (December, 1945), 29:253-255. 
5/ H. F. Davison, "The Art of Lecture Table Demonstration", 
Journal of Chemical Education (June, 1927), 2:~~.3-7. 
6/ Norris W. Rakestraw, "rrhe Function and Limitations of 
Lecture Demonstration", Jom'nal of Chemical Education 
(November, 1929), 6:1882-1886. 
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Still others in the "general" group have systematically 
attempted to li st criteria in some form. Billinger!/ lists 
five r e quirements for a succesful demonstration . Dale~/ 
offers fourteen suggestions for improving demonstrations 
and eleven questions for evaluating them. Under ''demon-
stration techniques", Haasl/ lists ten steps to be com-
plated before conducting the experiment and five sugges~ 
tions for conducting it. Heissl±/ elaborates on seven ex-
cellent rules for demonstrating . Holley..2/ lists seven 
things a teacher can do to insure sL~ccessful demon s trations. 
Mack.2/ developed a lengthy checklist of desirable qualities 
in demonstration apparatus. In a group thesis edited by 
Murrayl/, five criteria for a demonstration were listed 
l/ R . b . Billinger , "Lecture Demonstration Experirnent s 11 , 
Journal of Chemical Education (August, 1937), 14:375-7. 
2/ Edgar Dale , Audio-Vi sua l Methods of Teaching, The Dryden 
P ress , New York, 1946, p. 125.130. 
3/ K. B. Haas, "The Demonstration and Field Trip as Training 
Techniques", Business Education VVor ld (February, 1951 ), 
31:291-293. 
4/ Elwood D. Heiss, Charles W. Hoffman, and Ellsworth s. 
Obourn, Modern_ Me thods and Mat~.:£:ial0or Teaching Science, 
The Macmillan Company, New York , 1950, pp. 171-2. 
5/ Charles Elmer Holley , Hip-,h School Teachers Methods, The 
Tiarrard Press , Champaign, Illinois, 1937, p. 229 . 
.2/ Op. cit., p. 27-2 9 . 
7/ Chalmers Murray ( Bdi tor), New and Improved Demonstr a-
1ions, Each Illustrating a Sipgl~ Science Principle, Un: 
published Master's Thesis, Boston University, 1950. 
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which had been developed in a seminar discussion. Richard-
son and Cahoon~/ li st five criteri a for a good demonstra-
tion. Selberg2/ li sts sixteen common err or s in demonstra-
tion techniques (actua lly cl ass expe ri~ent techniques) and 
offers an excellent plan to follow in doing classroom demon-
strations. In the second category, the works from the field 
of biology, only one study was fo und. Gramet3/ lists ei ght 
c haracteristics of the good demonstration. 
In the third category, 1.vorks from the field of physics, 
the same break down can be made as for the first category. 
Among the few who emphasize only one aspe ct, Coyle4/ 
stresses the value and importance of vertical molli~ting of 
apparatus on special boards. Also, Sutton2/ stresses the 
need for simplicity and originality. Among his suggestions 
I 
for improving physics teaching, Weaver§/ stresses visibil-
ity and size of apparatus. 
1/ JohnS. rUchardson and G. P. Cahoon, Methods and lv1 aterials 
for Teaching General and Physical Science, · Me Graw-Hill Book 
Company, Inc.-, New York, Toronto and London, 1951. 
2/ Edith M. Selbert, 11 A Plan for Developing Better Techniques 
In Giving Science Demonstrations, Science Education ( October, 
1932), 16:417-420 . . 
3/ Charles A. Gramet , "Demonstration Lessons in Biology", 
~cience b duc ation (February, 1934), 18:33-36. · 
.J±/ J. P. Coyle, E . C. Hm sen, and R. B. Coe, "Demon s tra-
tions Made More Visible", Chicago Schools Journal (November, 
1941) ' 23:64-8. - . -
5/ Richard IVi . Sutton, 11 Th e Importance of Scientific 
Instruments and Apparatus to the 'reachers of Physics", Review 
of Scientific Instruments (December, 1941), 12:573-582. 
§/ b lbert C. \Jeaver, "Teaching Physics Ef'fectively 11 , 
School Science and Math ematics (May 1944), 44:402. 
Hitchcockl/ emphasizes ~2E as the essential qual -
ity of good demonstrations and includes, as he elaborates 
this theme, many other criteria . 
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Duff~/ is the only one in the field of physics to make 
a systematic listing. He enumerates nine desirable qual-
ities in demonstration experiments . The fourth and final 
category, the works from the field of chemistry, may be 
similarly analyzed . Arthur]/ presented a lengthy discussion 
on visibility including many excellent suggestions. Reedh/ 
discusses in some detail fot~ aspects of good demonstrations 
and techniques. Wiles~/ also deals only with a few aspects 
of successful demonstrations . 
Dunbar~/ lists elev e n desirable characteristics in 
demonstrations . His list is based on Duff 's and includes 
1/ Richard C. Hitchcock , nr Lil{e Action in Physics Demon-
strationsn, Schoo l Sc ience and Ma thematics ( December , 1941), 
41 : 832 - 839 . 
2/ A. Vv . Duff, '' Desirable Qualiti es in Demonstration Ex-
I:B riments 11 , School Science and Mathematics (November, 192 8) , 
28 : 857 . -
3/ Paul Arthur, Lecture Demonstrat ions in General Chemistry , 
Mc-Graw - Hill Book Company , Inc ., New York and London, 1939 , 
Ch. 1. 
k/ Rufus D. Heed , nHigh School Chemistry Demonstrations" , 
Journal of Chemi cal Educa tion (Novemb er, 1929), 16:1905-9. 
. ___,.... 
5/ L . A. Wiles, 11 The Value of Lectur e Table Demonstrations 
In the Teaching of Chemistry", Journal of Chemical Educa -
t ion ( September , 1928) , 5:1109- llll . 
6/ Ralph E . Dunbar , 11 Some Desirable Characteristics in 
Chemi stry Demonstration Experiments" , School Science and 
JAathematics (January , 1950 ), 50:19- 31. 
specific examples in chemistry, Frankl/ provides twelve 
suggestions regarding use of class demonstrations which 
he believes to be justified by the experience of a number 
of teachers. Gould£/ epumera tes on eight to consider in 
planning and performing demonstrations. 
offers five suggestions for tl;le preparation of apparatus 
and materials and four rules to follow i n conducting 
demonstrations . 
Treatment of the data.--Fr.om the literature selected 
for inclusion in the study, each separate statement which 
seemed to form the basis of a possible criterion was noted 
on an individual card . Items were accepted for considera-
tion if they were mentioned once. They were rejected on 
the basis of (1) inconsistency with the definition of a 
demonstration developed, or (2) inconsistency with the 
design of the experiment. 'rhe i terns thus selected for 
inclusion in the list of criteria were organized into the 
outline vb. ich appears below . The criteria themselves are 
listed as major statements. Suggestions for implementing 
them are listed as sub-topics under the criterion to Which 
they seem best to apply. This arrangement is entirely ar-
1/ J. 0. Frank, The Teaching of High School Chemistr~, 
J. 0 . Frank and Sons , Oshkosh, Wisconsin, 1932, p. 8 -9. 
2/ Arthur B. Gou;Ld, ''Demonstration Experiments and Their 
Place in the Teaching of Chemistry 11 , Journal of Chemical 
Education (February, 1931), 8:297-302. 
3/ Donald Van Horne , "The Lecture Demonstration Method 
In High School Chemistry 11 , Journal of Chemical Education 
(January, 1930), 7:109-116. . 
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bi trary. Many of the i t(~ms organized as sub-topics were 
in some studies listed as a 11 major cri terion 11 • Various 
i tems includ~d as sub-topics were mentioned by different 
authors in different places. However, an arbitrary organ-
ization seemed justified on two bases: (l) no two of the 
l/ 
studies duplicate each other- ; and (2) the nature of the 
material covered is of such diverse nature. The criteria 
thus organized were submitted to the seminar for criticism 
and revision. This . list was ac~epted as it appears below. 
Selected criteria.--The criteria for a good demonstra-
tion as used in this experiment are as follows: 
CRITbRIA FOR A GOOD DEMONSTRATION 
I, THE; DEMONS'I'RNriON SHOULD ILLUSrrRATE A BASIC PRINCIPLE, 
II. THE. DEMONS 'rRATION SHOULD ILLUSTRAT.r;; ON.t. PRINCIPLE ONLY. 
III. THE ACTIOn OF 'I'fit;, DBMONSTRAT ION SHOULD B.!!i CLEARLY 
VISIBL.E; AND AU DIB L:t<.. TO ALL . 
A. Remove all the audio-visual distractors. 
B. Make sure the li ghting facilities are adequate. 
Spotlight or otherwise sufficiently illuminate 
the thing being demonstrated . 
C. Adjust ~ndow shades so that students can see 
from all parts of the room. 
D. If necessary, rearrange the seating so that 
everyone has an unobstructed view. 
l/Dunbar 1 s list of desirable characteristics is based 
on the list deve loped by Duff. 
E. b e sure that tho se with poor hearing and 
vision arb seated appropriately . 
F. Have the demonstration table arranged so 
that all pupils can see the demonstration. 
1) Vertical mounting of apparatus is es-
pecially effective. 
2) Place the apparatus well forward on the 
desk, facing out toward the pupils. 
3) Place demonstration table in best posi-
tion f or all to see from all angles. 
G. ~herever possible, make use of color contrast 
to make the apparatus or materials stand out. 
IV. THE! APPARATUS SHOULD BE ON A LARGh SCALE. 
A. The apparatus must be clearly visible from the 
furthest corner of the room. 
B. v,here a thermometer (or other meter) is essential 
to the demonstration , use a mock-up or vorking 
model to help the class visualize this part of 
the proce dure. 
C. Large s igns a nd diagrams may be used to 
supplement t he spoken word . 
1) They must be previously prepared. 
2) They must be clearly visible to all . 
3) Green print on yellow is preferable to 
black on white . 
V. THE DEMONSTRATION S HOULD "vv ORK: IT SHOULD BE AS IN-
FALLIBLv.; AS POSSIBLJ~. 
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A. Apparatus should be in sound working condition. 
* B. Apparatus should be as simple as possible. 
1) Simplicity of operation. 
2) As few parts as possible. 
3) Avoid erowding , overlapping and masking of 
the parts. 
-:~ C. The demonstration should be rehearsed in advance. 
D. The demonstration should be well-planned and 
prepared. 
1) Set up apparatus and have all materials 
carefully arrange d on the demonstration 
table before the class meets. 
2) All the necessary me asuring and weighing 
should oe done before class. 
3) Scales and graduates should be placed 
away from the demonstration table when 
no ~onger in use. 
VI. THE DEMONSTRATION SHOULD B~ SIIViPL.c. AND Tii.t•.; SP.t;ED OF 
ACTION SUITABLE .. 
A. Use simple setups and place the equipment in 
order on the tabl~ so that the action can pro-
ceed logically • 
..::---These mi ght well be separate criteria. 
B. Talk while you work . Be sure to: 
l) Emphasize the main points; do not digress. 
2) Keep summarizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
c. Use a simple vocabulary. 
VII. THE DEMONSTRATION SHOULD BE DYNAMIC . 
A. By definition, movement and action are essential 
to the demonstration. 
B. Positive effects of motion are more impressive 
than null effe cts of static display. 
VIII.A SLIGHT DRAMATIC bLEMENT IS SOMETIMES USEFUL. 
IX. AN .l:'..LEMhNT Oli THE UNEXPEC'l'ED IS SOMETIMES EFFECTIVE . 
X. THE APPARATUS SHOULD BB OF EASILY AVAILABLE AND INEX-
PENSIV~ MATERIAL . 
XI. THE APPARAT-uS USED IN 'I'HE GIVEN DBMONS'rRA'l' ION SHOULD BE 
STORE:;D A1iJAY INTACT UNTIL IT IS TO BB USED AGAIN. 
The frequency with which the above mentioned criteria 
were me ntioned by the sour ces consulted is indicated by the 
chart below. The count was made merely for general interest. 
It has, however, certain obvious values. The frequency of' 
mention of the various criteria provides means of establish-
ing their validity. The table shows the relative importance 
of the criteria as recognized by these authoritie~. 
Table 1. The Frequency of Mention of the 
Selected Criteria by the Sot~ces 
Consulted. 
Criterion Number Author-
Source 1 21 3 4 5 6 _7 e 9 10 11 
1. 
2. 
3. 
Arthur ••.••• 
Billinger •.. 
Cahoon •...•• 
4. Coyle •...••• 
5. Colvin •....• 
6. Dale ....... . 
X 
7. Davison..... x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
8. Duff .......• X X X X 
9. Dunb ar •. •••• X X X X 
10. Frank ••....• x x x 
11. Gramet ...... X 
1 2 , GoUld •• , . . . . X X X 
13. Haas........ x 14. Heiss •...... x X X 
15. Hitchcock ... X 
16 . Hoff........ x 
17. Holley ••..•. X X X 
18. Ma ck •.. , . . . • X X X X 
19 . Murray . . . . • . x. x 
20 . Pinkus . . .... x x 
X 
X X 
X 
X X 
X X 
X X 
X· X 
xi ~I X 
X 
X X 
X 
21. Potthoff.... X X X X 
22. Rakestraw... x . x x x 
23. Reed........ x X 24 . Richardson.. x x x x 
25. Riedel •....• X X X 
26. Selb erg. .... 1 x x 
28. Van Horne... x x 
29 Weave r x x 
X X 
X 
·x 
X 
X 
X X 
X X X X 
X X X 
X 
X 
X J I 
I i ~ 
X 27. Sutton...... u· X 
___ ,~3=-0"-:"----'W i le S • • , , , • , X X X X ~-:-:F_r equency ...... ,, ll l L? ' 25 19 11"'2?fs··+W::;-Jt,.----+--t-t-!4:--- ]_ .2.. 6 2 · 
Criterion number 1 1 : 21 3 4 ' o ! _7 7 1_.2_11u ll:.._j.. 
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3. The Test Technique 
A. Structure of the Test 
Multiple choice items.--The test is composed of approx-
imately thirty multiple choice items. Each item is in the 
form of an incomplete sentence, or a question, referred to 
as the stem, accompanied by t h ree or more pos sible responses. 
Of the possible responses presented to the examinee, one is 
the best response. 'rhe examinee is also presented an 
answer sheet \~on which he checks in the parenthesis the 
response he has selected. The c9nstruction of the response 
. 1/ items, in accordance with suggestions made by Ross- , has 
been grammatically consiste~ t, approximately of equal 
length, and plausible, in so far as possib le. The writer 
has endeavored to make the type of responses for each .item 
homogeneous in natur e , in order to detect higher levels of 
understanding and di s crimina tion. 
'l1his 11 best-answer 11 variety of' the multiple choice test 
means simply that one response best refers to the stem of 
the item. Ea ch item provides 11 a response that competent 
critics can agree upon as best."~/ The competent critics 
in this specific situa tion compose a group of in-service 
l/ C. C. Ross , Me asurement in Today's Schools, 
Prentice-Hall Inc., New York, 1947, p. 150 
2/ R. L. Ebe l and E . F. Lindquist (Editor), Educational 
Measurement, George Banta Publishing Co., Menasha, 
Wis consin, 1951, p. 232. 
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science teachers. The writer has taken great care to 
"make all distractors plausible and attractive to examinees 
who lack the inf'orma tion or ability tested by the i tem 11 )/ 
and "avoid highly technical distractors 11 .'l:./ In reference 
to the multiple choice type test, OdellJ/ states that 
11 they may be used to test not only knowledge of facts and 
amount of acquired information, but also knowledge of cause 
and effect relationships, ability to make comparisons, to · 
evaluate, to apply, to illustrate, to define, and so forth. 
They are easier to prepare, and also to score, than some of 
the other types. 11 He further adds.J±/ 11 almost all kinds of 
multiple answer tests can be constructed so that they 
possess practically perfect objectivity." 'I'he scorer is not 
faced with the problem of partial credit on this type of an 
examination. Either t h e response that is checked upon the 
paper ~s correct, or it is not correct, wi th no qualifica-
tions. 
Levels of difficulty.--The writer is making an attempt 
to determine to what probable e~tent app lication and recog-
nition, as well as understanding of a scientific principle 
I7 Op. ci~., P• 234. 
~~ I b i d e ' p • 2 3 5 • 
3/ c. W. Odell, Traditional Examinations and New-Type 
Tests, The Century Co., New York and London, 1928, p. 282. 
~/ Op. cit., p. 282. 
have been gained through the demonstr ation activity. For 
this reason, it is necessar•y for the examiner to approxi-
mate the difficulty ran ge of the test items which he has 
prepared. It is well recognized that there are various 
levels of learning.l/ In order to measure these levels of 
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learning, a testing devi ce of various levels of difficulty 
must be construeted. The actual judgment of item difficulty 
must be l of t up to the subjective judgment of the test con-
structor. ttrrhe use of subjective judgment in estimating 
item difficulty at the stage of item construction is to be 
encot~aged . Such judgments, when based on all available 
experience, are distinctly helpful in leading to the con-
strue tion of i terns of the desired difficulty. "_g/ The con-
structor has ample opportunity to construct t b.e items of 
various degrees of difficulty by using more r emote subject 
matter applications, or by including unusually g ood dis-
tractors in the test items . Odell,l/ states that, in 
reference to good distractors, 11 their selection /distractoi"~7 
will depend to some extent upon how difficult it is desired 
to make the test. Incorrect answers should, however, never 
be obviously incorrect to a pupil who knows little or 
1/ ~ . A. Brownell and U. M. Sims, The Measurement of 
Understanding , Forty-fifth Yearbook , National Society 
for the Study of Bducation, 1946, University of Chicago 
Pres s , Chicago, Illinois, pp . 27-43. 
2/ K. vV. Vaughn and E . li' . Lindquist (Editor), Educational 
ieasurement, George Banta Publishing Co ., Menisha, 
Wisconsin, 1951, p. 174. 
]/ Ibid., p. 286. 
nothing of the matter dealt with ••.• 11 
The various levels of learning may be broken down to 
three broad ~ategories. The first level of learning may 
be labelled, or described as mere factual retention. The 
second level employs enough understanding of the factual 
retention so that the learner can reco gnize and apply, in 
Q8 
'-
simple situations, the principles or concepts which he has 
retained. The third level of learning is reached when the 
learner can recognize and apply the underst anding of the 
factual rna terial to more complex, unfamiliar, and diff·icul t 
situations. The test has been constructed with t h ese three 
levels of learning in mind. The first third of the test is 
concerned with items of the first level of learning, and so 
on. 'rhus, the test can be said to measure t hree levels of 
learning, all concerned with the same demonstra tion, and 
the same' scientific principle. This method of testing 
t e lls the examiner to approximately what extent the pupil 
can r ecall, understand, or apply the principle. 
Vocabulary.--It is only logical for one to assume that 
the vocabulary used throughout the experiment must be consis-
tent, or at least on the same leve l. Vocabulary comprising 
the test must, of necessity, be equivalent to that used 
during the demonstration. Inconsistent vocabulary is one of 
the fac tor.s which could unfavorably a.fi'ec t the reliability or 
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the testing program. If the vocabulary within the testing 
device is inconsistent with that of the oral demonstration, 
one can expe ct a low r e liability of the whole testing pro-
cedure. Reliability, itself , is the consistency with which 
a test measures 11 what it measures". 
The vocabulary of the testing device has been amended by 
the critic-jury to establish consistency of vocabulary 
throughout the experiment and vocabulary comprehension at the 
grade level at which the test is c:.sed. 
The test tryout.-- 11 After a s et of test items has been 
written, criticized by subject matter exper ts, and revised 
on the basis of their criticisms, it must ordinarily be 
tried out experimentally on a s ample of examinees."l/ 
Prior to any e xperimentation, the tes t was subjected to a 
tryout on at l east one hundred pupils of equivalent age 
and grade l evel , but are not included in the experiment. 
This independent tryout tended to expose any unu.sually poor 
items , or poor distractor s among the possible responses. 
Such items could be dropped completely from the test, or 
eliminated in the fina l tabulation of the total results. 
As was stated pr e viously, the total number of items 
in the test approximates thirty, but some may be dropped 
due to the discretions of the critic-jliTy, or as a result of 
the test tryout. 
ll H. S. Conr~d ~nd E. F. Lindquist (Edit6i), Educat~onal 
Measurement , George BaRta Pul:Hlshing Co., Menasha, Wis-
consin, l 9Sl, p. 250 . 
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The ~est p <: r•iod.--T.he length of the testing period for 
both the pre-test and the post-test has been indefinite, in 
so far as no specific time limit has been set for either of 
the tests. The test period may continue on until every 
pupil has completed the test, in so far as possible. Each 
pupil is allotted sufficient time to at least read all of 
the items presented him. A multiple choice test of thirty 
items can be approximated as requiring a~out ten minutes to 
l/ be read through completely. Odell·_; has recommended that 
"on the average elementary-school pupils be expected to 
respond to three or four such exercises /lliultiple choice 
i tem~,7 per• minute. 11 
, 
By allotting sufficient time for ~ll examinees to 
attempt all the items, the influential factor of time it-
self is eliminated. As stated by Lindquist,.S./ "The most 
common way of reducing or eliminating the influence of time 
on tests is to set the time limits so liberally that all, 
or n e arly all, pupils are able to consider or attempt all 
the items in the test." Pupils are told to complete all 
items, and are watched to see that they keep at this task 
until finished. 
1:,/ C. Vv. Odell, Tr_~di tional Examinations and New-Type Tests, 
The Century Co., New York and London, 1928, p. 265. 
2/ A. E. Traxler and E. F. Lindquist (Editor), Educational 
Measurement, George Banta Publ :!.shing Co., Menasha, Wiscon-
sin, 1951, p. 340. 
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B. Aims and Use of the Test 
Employing stati.stics.--.The test is an instrument 
devised to obtain statistics for measuring growth of lea~n-
ins , due to a specific educational experience, namely a 
scientific demonstration. Bvery effort has been made in 
the co11.struction of the test to measure as precisely as 
possible, the "meaningful learning'' that has been grasped 
by each pupil subjected to the demonstr a tion and the test-
retest procedure. 'rhe only descriptions of the learning 
and understanding that have taken place are the statistics 
which can be applied to the results of the tests taken by 
the examinees. In accordance wi tb Guilford,l/ it appears 
obvious that 11 statistics enable us to summarize oUl~ results 
in meaningful and convenient form". The summaries of the 
test results will enable educators in the field of science 
education to make general conclvsions and predictions con-
cerning the presentation of the particu],ar scientific 
principle that has been demonstrated. Experimental and 
statistical methods cannot be divorced from each other, in 
so far as, 11 The experiment directs our observations and 
yields data. By means of statistical methods, we can sum-
marize those data, interpret them, and determine their 
1.1 J. P. Guilford, Fundamental Stati'stics in Psychology 
and .Education, McGraw-Hill Book Co., New York and London, 
1942' p. 3. 
reliability. n~/ 
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2/ In this respect, Brownell- has stated that "Altogether 
too commonly understanding s are disregarded in evaluation 
(and in teaching) in ravor of outcomes which are more easily 
measured (and achieved)." 
Test-rete st me thod.--If the educator is to measure 
growth, or le arning, due to some specif ic lear ning activity, 
he cannot overemphasize the "importance or knowing initial 
status wi th r e spect to understanding . n}/ The writer is 
convinced that the only reliable method or me a suring the 
amount of le arning, due to some specific activity, is by 
means or the test-retest method. That is, by administering 
identical tests prior to, and after the learning situation. 
It is conceded tha t "not all the gain round c a n be correctly 
attributed solely to the r emedial progr am ,{the demonstration 
perio.£7. Some of it is doubtl es s due to the practice effect 
or to ramiliarity with the test itself, p art : or it to 
teaching receive d outside or school, and p art of it to 
natural growth. nl±/ For purposes ot' pre dieting this 11 prob able 
gain", the writer n a s made use or a control group in the ex-
periment. 
_!/J.P. Guilford, Op. cit., p. 156. 
2/ W. A. Brownell, The Meas u reme nt or Understan ding, 
Forty-firth Yearbook , National Society ror the Study or 
Education, 1946, University or Chic a go Press, Chicago, 
Illinois, p. 2. 
3/ H. R. Douglass and H. F. Spitzer, Forty-rirth Year-
book, Op. cit., p. 24. 
1±1 c. C. Ross, Op~-·~c~~~' p. 206. 
iivhat the test endeavors to determine.--Any increase 
. ' . 
in scores of the control group on the post-test (the same 
test that has be e n given the second time) ~ay be labelled 
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a s the probable ga in that can be attributed to familiarity, 
or external factor s concerning the test. The writer has 
sought to determine t he signif'icant increase of the scores 
on the p ost-test of the experimental group, and compare 
this increase wi th any possible increase made by the con-
trol group on the post-test. By knowing approximately 
what percentage gain on the test scores may be attributed 
to 11 chance 11 , as determined by the control group, the writer 
is able to conclude in this instance, that any si gnificantly 
larger gain in the scores of the experiment group has been 
due to learning gained during the demonstration process. 
Assuming that the constructed test is both reliable 
and valid, statistics applied to the results emanating 
from the test will yield .invaluable data in predicting at 
what grade, or grades this specific scientific principle 
can be presented with predictively good results. Statis-
tical interpretations of the test results are the means to 
these predictions. This is stated in essence by Guilfortt1/ 
who states that "statistical reasoning is basic to all pre-
die tions 11 • 
1/ Ibid., p. 176. 
C. Characteristics of the Test 
Reliability of the test.--The reliability, b e i ng the 
.precision and consiste ncy with which the test measur~s 
11 what it measures ", is a most impo rtant characteristic of , 
the test. In this spe ci1'ic t est i ng s ituati on, the sc or es 
on the pre-tests and post~tests given to the experimental 
group cannot be correlated for purposes of determining 
reliability s inc e the material being tested has been 
presented to the examinees in the period i ntervening the 
t wo tests. 
All external factors c oncerning the test ha v e been 
kept as consistent as poss ible. The_ element of time does 
no t detract from the reliability, because provisions have 
been made fo r ea ch pupi l to at least consider al l the test 
items. The influential time fa ctor has been kep t at a 
minimum . Lindquist]/ concur•3 in stating tha t 11 The procedures 
/te stinB7 bec ome ent i re l y uns atisfa c tory particul ar l y in any 
test in whi ch speed is a si gnificant element in the scoren . 
The sampling of t he materia l has been adequate , s ince 
all the test items have b een constructed on the basis of a 
single scientif ic demonstration. A test of high reliability 
i s furthe r assured in the l ength of the test . It is gener-
ally conceived that the longer the t est , the hi gher tho 
1/ E . F . Lindquist (Editor), Educational Measur ement, 
~p. c;t., p. 617. 
reliability. The test in consideration contains approxi-
mately thirty items, measuring the understanding derived 
from a single scientific principle. 
Validity .--Validation of the test items has been by 
jury, as mentioned previously. The jury was composed of 
in-service science teachers. 
75 
76 
CHJ~PT ~R III 
EXPERl iiiENTAL PROCEDURE 
Description of the School end Tovm 
Info,...me. ti on on the s chool vi ::o i ted .-- The s chool in l'.hich t h i s 
s tudy '.':as me.de i s c ompos ec of grt.de ~: one through n ine and h~ s a 
t o t a l enrollcnent of 46 3 pupils . One hundred and sevent~\r fot.rr ) Upils 
in grade ~ five tnrough nine t ook ycrt i n this ex per iment . 
The form&l s tudy of science i n this s choo l beg i ns in t he fo·ill~th 
g r 1::o.de v.·here the pupils have one 25 minute ? e r iod :)er week for scie:J.ce . 
In &; r a des f ive and s ix , a ha l f hour 'Je r i od e a.ch day i s l l otted t o 
t he s t udy of s cience . In t he j1.mior high , t wo 40 minute ::>eriods -:Jer 
reek are dev oted. to s cience in g r &.d e s seven and eight , 2nd f i ve 
40 mi nut e ) eriods a r e provided fo r g r a de n ine. In the n i nt h g r ade , 
t he JU~jil s electing t he coll ege c o"Lrrse a r e requir~d to t E.k e l e. t in , 
& ~d t he non- colleg e course ._)u pils a r :; r ec1uired t o t eke s cience . 
In t he ninth t r ade , of t hose ;'ho r:e :c e L'1clu :.:led in t h i E' s tu::J.y , 
1 5 rJUpils elected s ciel1c e , 2.nd 1 2 elected l t::.tin . 
Infor:ne.t i cY '1. on t oe ?·eo . : r a;Jhy of t he t own .-- This t o . ~1 i s loca t .:;o_ 
on t he s outh s hore of Ma s s e.chu set ts , <Onprox i mE. t ely 50 mi les f r om 
Bos t on . The town ha s no indu s t rie ;=; of s i gnif'ica.l'lt s ize ancl i s 
classi £'i ed E•. S rura l e.nd. re s idential , and s wnmer re s ort . It ha s a 
wi'i1t e r i)Opul [ct i "Jn of about 2500 and P~ summer · opula tion of a bou t 4000 . 
The t o1!T..I'l ha,s t hr ee gr ocer' s tores , a hard"mre s t or e , and :::. generc.~l 
tore t o -v··bich t he tmrms lJeOlJl e g ive a good shs.r e of t heir bu s i ne .:.:c . 
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All ot her sholJ.fli.\16 is do:ne in e. neighboring city 1 h i e 1 is ei ght miles 
A fe...,; of t~e inht>.bi t <:c"lts a r -e f c:; rmere , ::.nd a g ood. lll.ll'!lber e.re 
self- om:;Jloyed and de~~ end , t o o. larg e extent on summer busines s ond 
t ouris t s to e ::> r n a living . The rn::. jority of the ) 90)le :·.Jr k in ~ 
neighbori•.1g city or t 01., n, e nd e.bout l/3 of t hese ~ eopl e e&rn l:"Eges 
tha t &re c ·:::msider&bly above th.e average . 
' . l c· i · l i .co •lr·· -· . - - A.T)l o x- i · ··t l'T o · A .L l..irr'i T t h uOClO 0 0 _C CJ _ n J.. Orn.c. v l On. r ___ me. 8 .-.; Yl .. vu _ __ , 0_ ,_e 
_::o_:Jul~.tion :..s of Portugues e e)=tr :S ction , and alJ,.rO :im&.t 9ly one fourth 
J:;etsrogen eous extr a c t i on . .f\bout one f :mrth of t he )OlJulecti on e<.:.rn 
::eage2 nhic:i1 s.re consicieratl y c- bov~ the £·.ver-tge or h::,ve E; .o vinf:2 or 
· .• _:.ro=·:i i'1E.tely one he.l f of the po ~ v.l ~ ti~)n ec·rn i'.ras;es ;·,hich _cJe:cmi t 
· one fo •-trth of th r:; ~ o~J;_clation heve e t.rnings v.hich enable thsm t o 
w: int ':'i:n C. s t ..:.nc:.ar d of liviJ·Jg 11·hic h i"OUld r m12:e from fe.ir· t o rOor. 
Soc ie.l E.c t.ivities in the tovn c onsi::: ts of church clubs for 
Yo-r1a ·~ ·,..,d ol d V'orr ·--.., 1 s C' ub T l. -·,n ' "' Clu'r1 Gr"'ng·e Bus l· ·•e"'"men 1 s LL!. ::J C· ... J. _ ' .' .!.!C-.1. 1 '- ...L ' .:...J • - - . ... • } C- ' !_ 1- 1- -~- -
Club , -::.oy Scouts , Girl Scout s and a number of oth<:>r cl•J.bs e..ncl. 
orgEmi zat.i ons. :VIost of t he club s end o1~ga;.1i zc..tions in the t o••·n a.re 
com:;::>osed of ,)e :,ple from various netioll.e,lities and ecJnomic s t r- tus. 
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Testing Procedure 
Adruini f.tration of the tes t. -- The te s t c.nd demonstra tion i nvolvi ng 
the _;_::>r inci~Jle v.-&s g iven t o s ev en diff er ent cle.2:ses chi ch includ ::d grad es 
five through nine in a single s chool. The t e s t and demonstration " 'e .l e 
administ ered by the inve s tig a tor in order to i nsure tha t the pr oc ec1.u r e 
wo s he ld cons t ant for a l l clw:;ses . The test Fas g i ven to on e clc:.s .::. 
Et a time , e.nd es ch cl<'WS WG. S a llmhed e. maximum of 1 5 mi nute s to 
c om9lete the test v:hich proved a de ."us.te in all cases . I f t he . hole 
claEe COffi_i)leted t he test before t he 15 mi 11ute lJ·eriod, the tes t v·.~a s 
termi na t ed E~nd collected a t thc;t time . 
The ~)U)ils ~~·ere t old tha t t hey ·wer e going to he.ve e. s cience t est, 
f ol l o..,-;ed by E scienc e demonst r c:.tion whi ch would be f ollowed by a 
s e cond s cie.nc e tes t . The pupils wer e a l s o told th~ct they •;rer·e t e.lcing 
::x:.rt i n E. science experiment .s.nd v1ere a s k ed to perfor m everyt hi ng 
the:,-::. t he inve stig a tor c:.s':ed , a nd not to do :~ ny t a l ki ng until the 
second test WES completed . Full c ooper a ti on l'.£.S observed in all 
classe s . The En S\-:-e r sheet s ••.· e r e t h3D lJas::ed mit, £.i1d t he _JU~"lil s were 
in.structed in the i r use . The te .:, t boo i·'lets wer e then di stributed , 
Tlivi si on of· c l 2.s s i n t o ex ;Jerim.ente l &nd control ~roups .-- .Aft er 
compl e tion of the _pre-tes t , the class wE,s divided into t :o ;'a rt ::: by 
t he u se of r&.ndom nu.rnber s . The l i st of r..:mdom !llJmber."' '.'78.S obt a ined 
from Pec::. tman 1 s r andom number table . U 
_1_/John Gray Pe.' tm-?.n , De s cri :Jtion a.nd Sc. mnli ng St a t:Ls t i c s , Ne-r. Yor k , 
9 Er;er x1~ Erot~ers , 1947, pp . 544- 545 
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If the number <iTi tten in t he U) l:::e r right bane. corner of t bs t ,::e::; t ·:::: .:::oklet 
correspond ed t o t he number Te<Ocd by ti1 ,:; inve s t ig t:.tor, t he ·::m::Jil u:sin:S 
the.t · booklet left t Le room <:'nd became a ).':'rt of the contr ol grGlL •. ' . 
The )rinci~Jal -J f the s chool took t~1e control g r ou p to t he l i brary 
;;:here they rier e allov.Jed to r e<:,d magazi nes . The part of t he class 
remc.ining became the ex pe r imentc-::.1 g r oup , a -:-1:-l they were ~:hov•n t h e 
demoo.strs.ti o11. ~~~h::m tlle ds:nonstration ' '.'2. s compl et. eC:. , the control grou:-c 
w<:. s ca lled bs.ck, and tje nhole cla s s was f.O: i ven the ··Jos t-te s t, v;;hich 
,.,as identi ca l t o t he pr e- teBt. After t h•;; )OSt-te ;::<t y,;._,::, c ompletsd , 
the d.e1non s t r ;;:.tion Vi HB sho'l:n to the c o~1trol grO Ll~.J so tha t tney coult~ 
t o the contr·Jl g r o L'-P had. no e:f fee ts on the res1..1l t r:: of t i-1e s t udy . 
\"ithi.n s. ¥-eek f~fte:e the expBri ment , each cle.s s was g ive-:1 Form Crli 
of the Gti ~-; :~uidc-Scoring :1ente.l !\bility Test by their homeroom t enche r . 
Princ i ole used i rl t he eX 1)eriment . - - \1:henev er one body moves over 
or i s r ub1-:ed e.ga.ins t .~,no t:1er body , .s. re s ist2i.1c e t ::> motion t.::Jc "" s :_:;l e.c e , 
'i'hich resul t e i n t he :cr·Jc.uct iol1 of heE·.t . 
Descri :)tioc1 of t he demonstr~ .tio n.-- The demon s tr .. tion on fricti0~1. 
c ons is.t .:: of fociT ;_)arts: D. c opy of t i-le script , "'- list of materi2.l E us sci. , 
ac_1d 2. )hotot:; r ::.. ~_:h of t he l ayout, on e f ou..nd in t he a lYC·endiz . 
Tb.'e -ri:rst ;_)art of t n.e demonstr .t i on sho'.':s t hs t the amount e>f 
frictio:CJ. bet;fre Gn t wo surfG.c es d e pends on t l'e r oughnes s or smoothness 
of t he sn·cf:-,c P;3 . Tv~o 0 11 ·by~ !! by :~~ " ~~ooden bloc};:s , one ·L ith::.. smooth 
bottom n 1rfe.ce, s.tld t he other, ':· ith o. rough bottom sm~f~ce, a re 
E·. llOi, 8d to Slide dovr::n 8. '.'!OOclen boa rd about z;+ f eet l ong , Which is 
JLs.cecl on e.:o. c=:cng le of C.) _~roxinmtely 50 ~ The smooth bloclc v:i11 rec:.ch 
0 
e: .t cme e .o.d , i s ;.-.. i~ t : ched to e:.11 e l ectric mot o;-- b~; mean.=: of c :::.r bor . 
Then L. flE t ""iec s ')? Y00-5. , · .. hich h e.G e. l·10l e dr i l led t l:r:•lJc· ·, it "'hich 
; ieee of rood . In ~ ver y sh,rt ti~e , t he ~ood ~ ill begi~ to ~ivg off 
c !:l0 1 .e ~ _y" tec .)me very :1ot . 
The thir~ crt of Lha fe~ons tr ti~ ~lE o shot e t~: t fricti~ n 
) r ::lt1.UC '3S be et . ;_ f:..j.3 11 c o)_··er tube -~ tou.t l .~ " lons; i s c lo.:- s:'i. :, t 
: lece~ ~etT~ en tr~ ~oaden bloc~ s ~~ ich ~ re g r~ove5 t o fit t he 
: n 8lectric mot or b:v me<: ns of ~- flexi': l e cou~lins; . The end of ti le 
c o.J sr t ube 8J!'fi:-.y from the mo t or i:=< ~·L c eO. in ·.:c1 sy s bolt vhich Per vas 
u .1G. t h ·:m "· c or k i E ". L c a1.J. i 11 t~ : e o _;)en end of t he tub8 . 
I f the electric mot or i s t urn ed on f or ;::. oo.t [0 s econds , t he c o;_)_ •er 
t uje ~. ill become v :::T 7 hot ~.nd V1 e v:.:.x , -:nl. melt . 
-= ttc.chsd to t he moteT __ n C: ro t ated , and e co l d c ~1 i e el. i s l:·ro~:ht Uf' 
:fu[lc [.i:.:r_l '2ll_, 1._;1 
- . t - . :.:.. o c f_lJ_;=:. :; l c....n~e co , l~1 t he s i rr;;li:: s t ._ uc~ 
·. :cr:; 
Ill. To se2 :::.t ::. (.~ L:1c r-: '.'.J-:.<:, t the centr.~,l t A -,1( 21lc ~· of t hP 
::;ro·J) of scor· :::s is , - ~-~1c:- c. .. l c: o t0 "Jbt L1 E :ne L &Ur •3 of' t 'c '2 c r:mtT~ .l 
tendenc:r . 
2 . To 882. c..t :::. glt:.nce ho~·.- -,idcl~,- the ,<::C'Jrs,s c· re 
d.istrioutsc'[ 8 L1Ct to Oi~·:b •': l•J. c. Eleci:::<UY' •~> Of' 'tt1'3 VGY'l < c i l. i ·::-,:.- Of th.P 
o cors~ i~ t he gr ou) . 
17-2se t h s e_ ~·. ::nci i x f' or ·,1or e c o.:n··Jl ·:o t s i n form<: tion. 1_/ ' rthur 2 . . '.:l ti:::, , ]or mc::. l :='~rcenb::_ e Cb <:· rt, "'[:?.nU<'ll of' L ir=:ct·i ons , 
': or1d Iool.c Cornp21.1y , ~·T ac: Yor k , 19i:8, :;;_J . 1. 
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3 . Tc com~)f' re , __ u.:Lc ~cl;\' <. .n( r:· f: il~ .. _t b e centT.: l t~n38 •1Ci'::'E o~ 
·c~·-·o or m::J r e [:rou ~·s of s c or ee . 
4 . To c om)£.r e -~uic':ly ~ !'ld. e :- sil~' tbe v >riEl1:i.l.i tiee of tr-c' 
or m re [ r ou;s of scar e s . 
5 . To f ind T h£1 t ·Jortion .:J_,_ 
· !13'. ~iv8 -·1 :::.c or e . 
6 . T fi 11d. the ec :~re t :·11t l2 : ttr iuecl ::.y Lny s ive11 •:..rtio·'1 
of H ·e ~r011:• . 
:!_l1 
7 . To C.. i c C·-='v er t he :>e cu l i a r 
t c n.c rLL: lit~,- , i:. ~s ~-.ilet s , Gtc., 
Vc riot1.:. ·: r t f. of t he n.'.l'l,'"; e of 
c h: rc: c te~-i f .. tic .: 
- ~1-:~. to -::, . ., ~. t t~~e 
~ C O T' C: S . 
o P L -· i ftri~ution 
?.•._1.1: lit~·- -: f · W)it ~ 
? . To c1i ·v·i :":l_e ~- .._:ro Ll_ J: i.l(i_-v-il'iLlE. ~ E i .1 LC' . l l tJ.:. r J . __ ~ '"'I T 
otl-.L sr·. i :::r:- cl: . __ :.fy· tl-J.'3·--~ ·:!~l t'h8 1::' · __ ;:]_;:. ~~f r. cor·=L .... 
l C'. To f i 11_, th~ C •Jr· J~---=::- o~·l(l_.-~llCS !:?:t~ e--;1l .-:· c ... L--eE. i11 t1 ,J ~r ·_ ·~1~~ 
t~.:-. t ~~: th.:C it:· , to f'i 11c~ t ile corE i ~ Or_le tee-t t ~ ~: t 1..,:.~ _-- !.."~ - -.;1·!... c 
t ~-!~ j_:.~ .! ~ ·· r·)U.llt of~ c. i~L i.Ju:' - ~ =-._ ,:_· I' t'? ·:c--~\...::~lt G\: __ i y-:- .~ ~-·r:::-:~ :: C :) ·~:.- i ·1 
~ o ·1'".! . · ~1e c t.e .. t . 
12. . ~o =.· i nrJ. -:~2..-:: c ·J :..··_s~ -c.~n::is:J.c-e ,:.-:: t'r'" ·-=.sl1 f C Cr":l~- .::.11.5 ~:' c- l-;J l_ -(.~~ ·· j_ ; 
_T~~T :8 , L C 0Y."8L .. -,Cl ._..,L~t _:_l l, .._: ;:.l , f:. C . .) ~('~ f-- :.:1t:. :. ~·.-:;s , i?;t.c.; th t i_~ , , 
t o f i :!.5. t~J~ C:JY·: ·3&. O~l~ .C~lC 3 , ..::t,, S~l1 - :.1~ .. - t~:- 0 ~;1 .s_ ::•1rsr:, -_. b;: t :=o::·\r::r ••. • 
lC . 
·- v ~;U __ ~.il~:: •Jf V ;... t •i:'U.i::: ~-..:.. Cf: ·') T' 2 r -. .:"'1~ f; Or ':' f _:j_V8 .:.1 ·~c ::C•'3_'1t -· :;::, ..,.:· 
.U. i l E ":~ J.c.:.;:_-~ 1 l.Ul ,~'?.l'?· C-I.:e c< ;~ r ')U c- t . rr 
~ .. - ·· c 1·'· -j --,• -'- ' p ·· c )~ C P.lJ,. ,. c.•1,-_-,_ ("' ' t-'-·· . -l.· ··}• 
., ... _ --~- =' ~·-- ~ J-·- · ~--- ll. -:ii.:;:; - - . -:.rd . ' __ ... '- ) __ ..!_ • . \ .- \.....) 
' I 1:.....-' 
• .t. 
0) , Cl u o' __ .J . 
"•ork c h eet f or Chart I 
Fi f t h Gr c.de Bx oerimant a l 
Grou~) - Pr e-test 
Score Fre~ . u .T. ?er cent 
I n t e rve.l 
9 
8 
7 l 24 
6 4 25 
5 8 19 
4 7 ll 
!.f. 2 4 v 
~ 2 :2 
1 
Q 
Fifth Gr t:.de Control 
Grou--J - ? r e-te s t 
100 
95 . 8 
79 . 2 
45 . 8 
16 .7 
8 '7. 
· '-' 
Ec or e Free . S . T. ?er cent 
I n t ervf_ l - - ·• 
9 
8 
7 ~ 24 100 
6 2 ::2 91.7 
s 7 ;:o 8" 'Z i) . , ; 
t}_ 6 15 54 . 2 
3 5 7 29 . :~ 
~-:; 
.-:; 2 8 . 3 
l 
0 
Fifth Gr ade Ex ._-eri nent a l 
Group - Post -t22t 
,':icore Freq . S . T . Per c.:m t 
I nterva l 
9 
8 1 24 
7 1 2"'-- u 
6 9 2~ 
5 7 l 'Z _ u 
5 6 
1 l 
1 
0 
Fifth Grade Control 
Group - Po ::;t-te s t 
100 
S• E..8 
91. 2 
!:" L1 ') 
,,,; . .: • rv 
25 . 0 
4 . 2 
Sc ore Freq . S . T. Per cent 
I nterva l 
9 
8 
7 ~4 l ( ') 
2 ;::: 91.7 
5 5 :20 83 . :3 
4 9 17 70 .8 
~ s ~-5 . s 
17 3 12 . 5 0 
1 
0 
l 
NORMAL PERCENT .. LE CHART By ArthurS. Otis 
Grade or group No. of cases Measure (Examination) Form Date Examiner Graphs by School City 
iable I Variable II PERCENTILE SCALE 
eq:lsub, Per Score Freq, Sub, Per I !o ~e" t-Qtals cents intervals 'ncies totals cents .1 .2 .3 .4.5 1 2 3 4 5 10 20 40 50 60 70 80 90 95 96 97 98 99 .5 .6 . 7 • 8 99 . 9 
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Standard Deviation Scale ,I I I I I I I I I I~~ I I I I I I I I I~ I I I I I I I I INtI I I I I I I I I _1, I 
I I I I I I I I d I I I I I I I I +31<T 
-3 <T -2<T !<T +<T +2<T 
•• 7 .. • , p 
}i;X 1Jlan~.tion of Chart I . - - Chfl.rt I com1Je.re s the :.;;re-tes t 9.nd :::1ost-te::.t 
s cor :::s of t he exy::rimentc: l E.nd control ~-ro .1;;-s in g r :.cle fiv e . 
The . re- test scores of the exp9riFlent ::(l ··.ncl control g r o;J:rJf:: EL e .c.': ou t 
t he ~:~:~me , ':'!hich indica tes thc-t t he r andom division of t he t:-_ro .-:·rou s 
-:: ·c s effective . 
The post- te :: t s core::: of t he ex )erimenta l g rou_::; sD.ov: Rn 2ver;:'r€e 
increc s e =-·er ,·•upil of ~:: :.:- _-roxime: tel~:' · Z. /ll of 9.n itew, r hile t he poet- t e s t 
scores of the c ontrol grou~ rem<: ined a bout t he s e.me . 
-- ~-_.,~ t 0. Gr ::.cTe ·:'Y .. P.:r-i ~ !lentEtl 
Gr :J t.l .: - Pr :. - t .-::E. t 
Fre~ . S .T. ~ ~ r cent 
·3 
7 
6 0 19 
c 6 16 ~ 
~ El 
5 8 
F: ~ 
l 
1 ]_ 
Si~=~h Grc. de Control 
Gr ou) - '?r-e- te. t 
E' .T . 
9 
3 
7 1 19 
6 ~ 13 
5 " 1 !::: 0 
-'-' 
4 <~ 9 
D '7 5 
'-' 
·-.:.· 2 2 
l 
0 
100 
8 · '." 
!:' '' G t...•,.:. . -. 
4-:::. . 1 
1 ;:; . :3 
~~er cent 
10 
94 . 7 
78 . •. 
~7 . ~: 
26. ;; 
10 . S 
35 
t· ixt~.1 Cl")E (:_rs ~~: )..J erirrt?l1tc- l 
Gr tr.:' - nc.s t - t e::. t 
E. core 
L1terv0.1 
~re~ . 2 .T. 0 er c e~t 
9 19 
8 .· 1 ) 
7 1 17 
6 6 16 
!:' 4 10 ,_ 
·:!: ~~ 6 
;_) ':? ~ 
' 
2 
l 
0 
Sixth Gr :: ce Control 
Gr ou} - ?oat - te e-t 
E' cor s 
I n t e r v <:- 1 
9 
.':) 
u 
7 
6 
!:' 
" 
4, 
5 
') 
(~ 
1 
0 
F'req . C.T. 
2 1 3 
[I 17 
.-. ]_~ ;:· 
.5 11 
<:· 6 
2 5 
1 1 
L J 
1'"10 
•:-9 . [: 
'3 '~- . 2 
F ~· 
. f. 
r l. e 
l f . 8 
Per cent 
]_CIQ 
89 . 5 
63 . 4 
57. ~ 
5l. 6 
15 . 8 
S . :3 
Grade or group No. of cases 
: !able I 
~:1 Sub~ Per 
i~.. tals cents r· 
I 
I 
I 
1- 0 
I 
0 
v 
r 
v 
LJ 
I 
I 
I 
Variable II 
Median 
Standard Deviation Scale 
NORMAL PERCENTILE CHART 
Measure (Examination) Form Date Examiner 
I 
I 
I PERCENTILE SCALE 
;g;W--++H 
Graphs by 
80 90 
School 
95 96 97 98 
H-~ itt"'" 
By Arthur S. Otis 
City 
99 .5.6.7 .8 99.9 
HH+ 
lttt=t=l-+ + 
1-t- f-
FHf f- -t+ 1--f--+--+-- -
T ·+ FIT + ~t=r-- _ 
--
- -
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Ex1)l c.m a tion of Chc: rt II .-- Chart II comf1ar es the t)r e - test and 
0ost-te ~. t scores of the ex:·,jerimenta l tmd control g rou.9s i n c r <:·de s i x . 
The ;~,re-te st s core s of t h e exn~:?rim.ental End control groups er e 
e.bout t he s&_rne , -«hich indicate :::. th8.t t he r a ndom divi s ion of t he t v.o 
g roups v.r"'·s effective . 
The :ost- te ::.; t score of the experiment;::- 1 g rot"._o sho\"s [:n ever::: .  ge 
increa se -~~ er •:mpil of ap;::'rox imc::.t e ly 1:~ i terns , 1 hile t he .~ ost-te E: t 
s core of t he control g rou:9 rem&.i ned t he same . 
Sevent h Gr l: de E:{)eri Eentc:.l 
Gr ou) - Pr e- test 
Ecor e Freel . S . T. ?er cent 
Inter val 
;-. 
~~ 
8 
7 0 ( . 17 100 
6 l lf 88 . 2 
c 
.!_1 14 82 . 3 ._ 
4. 5 10 58 . 8 
4 r:: :~ 3 .LJ. .. _ ~· 
'" 
l l E. '2, 
l 
CJ 
Sevent h Gr o.c< e Control 
Gr ou9 - ?re- t es t 
::. cor e F'req_ . 8 . T . Per cent 
Intervc. l 
9 
8 
7 .~ F l 100 "'- - '-' 
6 l 17 89 . 5 
5 6 16 84 . 2 
4 'Z 10 52 . 6 ,_, 
'7 4 7 36 • .3 L 
2 2 '2: 15 . -3 ..... 
l l 1 F. t. 
0 
89 
,S v snt h Gr E.de Ex) er li'!!ent ~ .l 
Group - Post - te s t 
Score Fre~ . ~ . T . PP~ cent 
I nt er ve. 1 
17 
7 ? lf 
6 5 , ·~"! .L L ' 
c 5 10 ..... 
L~, 4 5 
l 1 
l 
J 
Seventh Gr &de Contr ol 
Gr m.m - '?os t - te s t 
Score Fre0 . S .T. 
I nt '?. r ve l 
9 
8 
7 2 l S 
6 
5 6 17 
4 5 l l 
5 3 
:'1 5 ;:.. 
1 l l 
0 
l"rl 
--'-
88 . 2 
76 . E 
cs . '3 
•::; !1. ( ~ .. --
!: . 9 
e1 cent 
100 
89 . 2 
57. 3 
4,2 .1 
15 . 8 
::: .3 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date Examiner 
!able I Variable II PERCENTILE SCALE 
Graphs by School 
By ArthurS. Otis 
City 
~,1 Sub, Per Score Freq, Sub, Per 
ie;:l'"otals cents intervals 'ncies totals cents .1 
- f 
.2 .3 .4.5 1 2 3 4 5 
·t+-+--
10 20 30 40 50 80 90 95 96 97 98 99 .5 .6 .7 .8 99.9 
-: .. 
. 
n 
7 
n 
" 
/ 
I 
/ 
~ 
LJ 
I 
I 
Median 
Standard Deviation Scale 
/ 
1--
-+-
I i i 
.1 .2 .3 ,4.5 
ffi+H----1- -
FR-rT ~F :-+ ~ 
h·ttt-
f-m=F 
-i-+t- TH+ 
~... H- t- + -t 1--
.. 
r -+ l f+ 4 R=R= 
=rt= 
-t-
-t - -
-
--
-
f--;--+ ·t H= H·+-tH~ l±i-+t~+t H~+f-t-f.l- ·rr r n 1-rt -H .-t=.- --1-1 -r-• r ,. r ~ -=r - 1 :f: 1 
f-t-+ ~ H :!. p:;- -f--l--4+ ~3 1 4+t ' T --+-: H + --~ ;_t--;___ 
1 2 3 4 5 10 I 20 30 40 so 60 10 80 90 95 96 97 98 99 .s .6 1 .8 99 9 
.1 1 1 T r T 1 1 1 r 1 r r 1 1 1 1 1 1 1 1 1~ 1 1 1 1 1 1 1 1 1 '\lA' 1 1 1 1 1 1 1 1 1 1 1 1 1 r 1 T 1 1 1 1 1 1 1 1 1 1 1 1 +I 
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EX •:Jl enat.ion of Ch&rt III.-- Chr r t III compares t he :9r e - t est 
e.nd -~'o st-test s coret: of the experimenta l e.nd control gr ou _) S i · .. 
g r a.c.e s even . 
The :?re- t e s t s cores of' the ex uerirnent s.l g r OUf' vyer e s:t i g htly 
hig her t hem t he ~;re-test score:: of t he e ontrol grow' . 
The pos t-tee t scor e :: of the ex ) eriment;; l g rou::J shovrs en e.veref{ e 
increase 1-'er tjUyil of b. !)pr oximEtely l } i tems . The .ost- t e::;t s cores 
of t he control ~rour) incree.sed. s·l i glltly end. v·er e a_-~prozimE t e l y e ·:_u2l 
to the ·;;r e - test ::. core s of t h e ex~)erin:entc. l group . 
92 
1.".-ork Shee t fo r Cl1a.r t IV 
Ei ghth Gr:-·_de Ex;Jeri mente:tl 
Group - Pre- t est 
Score Freq . S.T. Per cen t 
Interve.l 
8 
8 
7 
6 3 1E 
2 12 
5 10 
4: 5 
l l l 
Eighth Grede Control 
Gr')u;~ - ?re-test 
lCJO 
80 . 0 
66 . 7 
33 . 5 
I 
6 .7 
Score Freq . S.T. Per cent 
L1tervs.l 
9 
8 
7 l 1 5 100 
6 '- 14 90 . 3 
5 5 ll 7':: z. '-'• '-
4 6 6 L1 -=-J • '· 
... 
·) 
1 
0 
Eighth Gr ade Ex 1eri mentt:tl 
Gr oun - Post-test 
Score Freq . S .T. 
Interv=' l 
9 
8 1 15 
7 i) l L1 
6 6 ll 
5 3 5 
4 l ') 
·-
3 l l 
') 
'" 
l 
0 
Ei ghth Grc.de Control 
Group - Post - t est 
::r cent 
100 
93 . 2' 
,.., ~ ~. ~ -
I 0:..... . ~· 
!:"';;: r.-Lt- . V 
1 '1. 7. 
- t.. . v 
6 .7 
~core Freq . ~ .T. ?e~ cent 
Interv~: l 
8 
7 1 l c: 
-'- 100 
6 Lt H : 95 . 5 
5 10 66 .7 
G 7 L1/) . 7 
3 
2 1 1 6 .7 
1 
0 

1-~x -olc.:nr-tion of ClH:.rt IV .-- Che rt IV comp2r eE ~:.cl' e-t c=;.'3t end 
~ost-te s t :;: cor e s of t he eXi)'='riment ::;l i:.- nc~ co•1trnl -~ rm_;_ ;: in ;;r s.de 
The _pr-e-test s c or e:;; of the ex;;eriment :' l g roup .,_._,,, s sli c-htl:• 
lo1::er t he n t he ~)re- ~- e,st s c or es of t~1e control c_ r ou"• . 
The _,.ost-test ,scores of th·3 ex_~eriment - l 2TOU~! Sh01";~ r.l1 
<:· ver.::_;:e incre:.se "--:;r ,_tl)il of '" ' ro}_i m[ tely ]_ z/-~ item,s, -,, bile th'3 
.·ost - t eE;t s c or'3 S of tl-·~ control g roug r eme ined ,, -__ ·out t he ::.c -,-, e . 
95 
1-:-o r 1;: Shee t for Cher t V 
Gr ou) Pr-:::- t e s t 
r: c ore 
I nter vc. l 
Freq . S .T. ?sr c e~t 
9 
0 
·.J 
7 
6 
<:: 
L ' 
l . 
., 
L. 
··-
l 
l ll 
c. l ., 
-'-' 
3 7 
Lj. /J. 
?TL1th Gr~<d s Cont rol 
Gr oLl ' Pr e- test 
l O.J 
::)0 . 9 
63 . 6 
26 .4. 
Scors Fr ey . 8 .T. ~-r cs~t 
L 'lt S Y'Vi::cl 
3 
7 
6 ll h'n 
3 7:?.. . 7 
t ' 6 . 4: 
l 2 B . :~ 
l l S. l 
l_ 
Cl 
NL1.th Gr~"de ·~z_ .sri· _s_'lt:· 2-
Gr oiTJ - PoBt- t est 
f cor e 
I nt er vs. l 
Free; . :: . T. ?tSr cent 
3 l 11 _.L 
7 5 10 
6 0 .r:: 
5 
4 
l 
G 
Ji~th Gr~6e Co~trol 
Groen - . ost - t e s t 
1 00 
--:<) . 9 
4 r:-.• E 
1 '3 . ? 
Scor~ Fr ~~ . ~ . T . ~ -r ~~'lt 
I nt -=:r-vt l 
9 
8 
7 
r:: 0 
s ~ 0 ll L ·O 
4 i:.· r: ... 
'-' l l " ') - ·~ ..... 
"' l l 
l 
:J 

The -·. ' \ '- •"-' 
r·or k Sheet f or Cb£:.rt VI 
,_core Et h gr ade 6th gr t de 7th pr uJ e 
I 11 t er·vc, l Fre y_ . 0 .T . :>er Free: . S.T. rer Fr e'. • ~ .T . P::n~ 
cent cent cent 
9 
8 
7 l 24 100 2 17 
6 4 f) r. r:- 0 95 . 8 '7 19 100 1 15 88 . :2 
[·_) 8 19 79 . 2 6 16 8<1 . 2 4 14 82 . 5 
,, 
L_r. 7 ll 45 . 8 2 10 r.:2 . 6 5 10 .58 . 8 
,.., 4: 16 . 7 5 8 4'-:: . 1 4 .5 29 . 4-(::, 
,, 
2 " 8 . 5 2 ?( 15 . 8 1 l E. 9 . .~' r- u 
1 
:) 1 1 5 . 5 
8th ~: rcde 
Free: . :: . . T . P:lr 
CG11t 
3 l Eo 100 
2 12 80 .0 
r.: 10 G6 .7 <./ 
4 c:  ?.~ . 3 <.} 
l 1 6 .7 
C)t h &; r r.-:Je 
Fr8C:~ · b .. 'T' . 
l 11 
3 10 
5 7 
4 4 
~ ,, r 
cent 
100 
';:;;0 . 9 
63 . 6 
36 . ~ 
Ci.) 
(.)) 
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Interv:·.l 
9 
8 
7 
6 
.s 
Li, 
'7 
~ 
:2 
1 
0 
5t h grcde 
:Pre ~ ., . 
1 
]_ 
n ,, 
7 
L" rn 
t .J ' .! • • 
~~4_ 
::-.c 
0 
E 
s 
1 1 
?er 
c c: nt 
100 
:;s . s 
Ol. ? 
5·~i r . 
c ;: 
. 
') 
4 . ~~ 
Tiork ~haet for C h ~ rt VI I 
Gth ,; r c? e 
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.,~ 19 100 
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Li. E· 
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100 
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CH. '"'TiT IV 
1 . Conc lLl::: i ons 
~1 .::. t est - rete.~ t bt, s i s , t he c ontr l e; rou.:::• 3.id :c1.ot ;:; ~10'. - ny 
=- .~,- _.- 1.· e c ie.i;~e cl1. ~-. 11ge . 
._. Jn c. t e s t - :::.~et est b . ,::i;: , ths ex )m·iment~ l ro·~· · 
:::;t. i :.1 fo r e l l ,<; r Oll)S 1 :1i e i1 l l? :. ttr·Hro.t~ ~~·l e to t he 
4 . I n ~ensrL l , t he u ,er ~ r&~as s core6 sli ght ly hi fb.er i n t ha ~r s -tsr t 
&nd J Os t - t est th~n t he lo~er grades . 
5 . 'J:'he zc. i il bet,·:--een t he ,:T G-te ::: t E;DO ) OSt - t e:::t of t 1: e e=:y~rime.lt.'.:.l 
.; r oLlJS I:·E. s E..)_. r oxi m.e te l ;y- t he s <:.me f r t ll g r o•.1. ·~: . 
l. It Cc..nnot ",:;e 5cert~ L1eci i f <:o.ny of t he :;r·£ dec l -::::::·:.1·:>.6 t1'J s ri·'lci ::J l_s 
iJec Eus ::: n o cr i t sric. b8. s 'r.J een i:Js t abliEhed t o clJ,.t c:r- ·IJ:L! le hm· · r:l,,_r:r of :.1 
incr :>.e:-,.,3 oD E: t -:>. ·" t of t his ty ~=· t-. c c: n ;)e s~<; ~ c tec'. t o :i.ucd.c c t -=: ;_ -;· · -··.li ·'lb 
of t he ~ri~ci9l e . 
2 . Thi s s t uc1.y L '.i c - t~"·.:· t h;, t th :>. :Jri nci :_)l e on f r ict i on cr. >1. "ue tnl,Zht 
i n g r t:-d·:>.S fiv e thr oagh nine r ·i t h ec~uc.l :.uc ces," , pr ovJ.G.l L,-_ t h-s 
voc<'· '•ulc.I7 '..l8ed i s [ ~ J 'l)l~ir t e for t he J:~ rticu:. &.l' g P.:-de 
Future oi' the· s t udy .-- Thi s ex,·erime nt, v.s in_s t he s<":..me te.::t , 
ciemonstr ::-~tion .::~nci ) roc eC:.ure , <I ill be re · .. e ted. u :.r1til E• ·1 roxim<-' t 8l_y 
SD•J 1Ul)ils f rom eac b e r ede f r om mrn:,; t ypes of c ommuni t i es ers tsstec~ . 
It r· i l l :. l s o ~Je t&~.~en i !lt o h i g her t, r sd.es . Lf t er &. L r ,5 e r f<-mplins 
I iJU) ils hB.S b-2en te s t ed , t he fj_o.di n:;s i u t h i s s tudy n::: :/ hG.v e t o be 
modi f i sd . 
lQf, 
LPPENDIX 
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Test on Science 
l. If a dull ser,,· i & u s ed to ::.av· ~::_ he;;;.vy Loe.r d 
A. The ear:dust Y ill hy ver y COET~: -=: . 
B. The sa'. .- and boc.rd will get hot . 
C. The S .'?l' . ..-:ill get hot 1:-ut not the boa.rd. 
D. Yov_ ·~iill be '!:E s tin.g y our time . 
2 . On v;hich of t ie f ollorri ng ,,ot.,_lc' f> b i cyc le co&st the f m:t e s t? 
A. On a cement roa.d 
B. On a 'lirt road. 
c. On a t~:>r roed 
D. On the ice of a _:..'ond or l ake 
3. Thr -:mgh which of the f ollovdn_g ]i ;_Je hill ;:: t er flow t he f e stest? 
A. Thr ough e.n old rusty pi pe 
B. Thr ows h ~ nel' shiny 9i t)e 
c . Ti1ro Dgh a cold pi pe 
D. Thr ough 5 v:r: rm ::_:;::.. pe 
4 . By rubbing your fingers ra~'idly o.n a smooth _:·i eee of c loth 
t hey '>rill soon bec ome v ery bot . The bea t c ome s from 
A. The c loth 
B. Th e f :L11g e r 
c. The e.lr e.roun d t he f i11ger 
D. The r ubbing 
5 . 1':hy C..oe s a locomot i ve eng i neer ) Ut f:.<;n!d on t !1e rEci ls ? 
A. To poli sh t he r a ils 
E . To make t he r a ils morro; sli 99ery 
C. To give t he y-h9e l s E, bet t ?r g r i p on the r e.ils 
D. To remove rust from the r e: j_ls 
C. 1.'.-hy does t h e :::n ov,- usuc..lly mel t f u.s t er on_ r oad_s wl'!:~ ch c: re 
u;=;ec1 by t hs _<:.r[es t m.ni1 ~ sr of automobiles? 
A. The 
B. The 
c. The 
D. The 
be=t f r om t he e'1Cine E!.nd r c:.dLtor ;·,;elt s it . 
sun i ;;. usuc-. ll~: bright er on hec.vily tr"v eled roc-ds . 
snore stic~~i:ng to t he tires is ca rried mJ.:"y . 
tires rubbing on t he snoy•, melt s it . 
7 . Ov 2r \'··hich of the fol lm"Ting f loor s woulO. it be ee s:i.er 
t o _.::ush a heavy box? 
A. L v·:a r El fl oor 
B. A wooden floor 
C. _t._ v:axed f l oor 
D. It v:ould b,e just as ha r d on cny of the a bove f loors . 
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3 . If ~· ou T.ere going t o me.k e E r hcer f or t he :::oc:-_l) box derby , 
'i.-'J. ich of the fol lowing b_res v•oulc you use? 
.A . Smooth rubber tire s 
B. Tires <d t h e. good g r i p 
C. Soft rubber tires 
D. Air-cooled tires 
9 . wy does a lmife bec ome hot when it i s b -, l d on a g r inding ::.t one ? 
A. The 
B. The 
c. The 
D. The 
g rindstone hes ts it . 
spa.r!.<:s f r om t he grindst one ee t it . 
s pc::.rl~s f r om t he knife and P.'rindst one l!ec:.t it . 
g rinds tong moving ov er t he :.:nife hee.ts i t. 
10 . \"hy i s i t har der t o r oy; a boa t on t be ·oe a.ch than it i s in the v.-Et e r ? 
A. The 09..rs ctUL."lOt be u ::ed in t he sc: .. £J.d . 
B. Sane!. sti cks t o t he bo ~:1 t with more force t hen vrE:ter . 
C . The boa t does not s i nk in t he sand . 
D. The boe: t ~·e s built t o be used i n t he •t;a t er . 
11. · .. hy does a bc.sEoball batter sometime s put dirt on his he.nds 
before battiP..g ? 
A . J:l'or g ood luck 
E . To g ive hi m E better grip on the bat 
C. To make t he pitcher nervous 
D. To ·warm his hc.nds 
1 2 . 1by does t he re~ r t ire on your bicy c le g e t bot if you 
s1~::m on t he br ake '!.'hen y ou Eir e mavin,_~ quite f .sst ? 
l" o . In the o10.en 
1!Jh ich of t he 
A. The e i r i n the t i r e g e t s hot end h ee t s t he tire . 
B. The hec.t f r om the r oad ii1Lcke::: the t i r e hot. 
C. The tire s lidii'I_g ove r t he road causes it to get hot . 
D. The br akes ma ke t he t i re hot. 
dt1.y s , man 
fol1owi :ng 
T11E1.de 
Y:HyS 
fi r e by rubbi ng h 10 piec es of v~ooc~ tog ether . 
of rubbi ng t'v1:o s ticks together vnoul.c. b~ 
most c .. pt to g ive f ire? 
A. By 9res s ing the s t ick s 
.12M, f a st s trokes . 
B. By pres s ing the s t ick s 
short , fccE: t s trokes . 
C. Ey ~·ress in.g the s ticks 
lo~-' f e.st s t rokes . 
t oget her 
tog et her 
t oF-:·ether 
li,9.'ht ly 
light lz 
fair l y 
nnd t cJ-:ing 
~.nd tE.J\.ing 
hnr d and t &.1:.:ing 
D. Ey pre::si ng the s tick::: t oget her fE.i r ly hErd enci. t Eck ing 
short, f e.s t s trolce s . 
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14 . Three b locks of' -:-c;od a.re ~"Jh c ,:;d on E. bo::.rCi v.hich i::: p l - c ::,d_ on E'. slent . 
~ hich of t he f oLLo;·:in§: b locks v:o1.:llc'. reLch t hs -~ attorn firct'? 
l !: 
...!... 0 • 
;•_ . A blo c' : · hi cb hos been r:.s ~~ed 
B . A b l_ock r-hich is f .., ir-Jy smoo t h 
C . block r ·hich i s f E irl~' r o1.1gh 
D. They v.·oulc~ e:ll r w c h thP bottom e.t t he ::c:.m.e tiTtle . 
_r.,_ rouFh b l ock of rood i5 ) L c s6. in .: c~ :o:-t s. nc". 
i s ) l acsd on to _) of it . " h c..t , ou J.0. (, 9 _·pen t o 
the CE.r-t ?.'er-e flU.,_led e c ros s f:. smoot h floor? 
A. Bot h ':> l o cks roulc~. ~:e l . . Lr1necL 
::;mootl: .• loc~~ of r -· od 
tb ~ ': lock s of - OOl~_ if 
E. The smoot h 'bl oc ';: Foulc. , ·l i dG over th· r o1.1.::·h '· l o cx . 
C. Both bloc~s ~ ulf ~e c ooled . 
D. ~Tone of' t he c-.,_,o·ve thi11.g~: ~01J='~ L-_ i1:- "en t o t~..,A ~ loc - ~s . 
16 . ,....hic:1 of the £>:;_l_lm. in~ ro)::S , ou_lf ,;,... ' ·e:o:t to m e in a t "E- o.f.- -- . r ? 
r • .. SEJ.ooth f::;t r :YI'l.g :ro -··S 
.L.J . L c o~ rse s tro:n.g r ·:;: 2 
C . ~ st:ro~ · ro~e th~t 1 i l l s t:re· c h 
D. ; r o 0e m. de Jf s teel 
17 . T'hen Yood ::;r ''lete.l_ i::. ,:,rill -:; cl. , he · t is •. rLx~nc e cL 'l:.ic;l :;£' ti-:E-
f ::>llo:· i n:e do ,,ou thin~c r-,·ould :-r ocJ.uc e t~1e "l·::>::t hee:..t? 
1 • 
E. 
c. 
L 
./.!. ·1i c:. c e (_) f 
t ··liec':J of 
.:·_ : i ec -: oi 
The~r ·:~OUl. .J. 
h ·rci st. N~l 
30ft co · 1 er 
hr Tci. 'i· OOd 
.ll ~-rociuce 
18 . ; hicl1 :::~f the folloYing bo<:-: t .r:. rcul_c "r:•e .'OE s i er'.:t to ~x: d~1e ? 
1'- . One -. ith s . ·ointed bc<·( f r o: Jt). Th':) 1: ~ c~c o~lc~ iE ~, 11 . . : 
cl.ee ·,er :!.ll tl';e '::~ ter t lv-·n t he front end . 
:=-ne - 1: ·i t h E. )O i;xlis(~ bO"i: (front ) . T · r:· i:'ront ·:;c1ci. .l• 21.lt1!". 
••
1
-<.E ·:JS T int o th.s ,,-, ter thc-,1 t bs lxc': sn( . 
C (). · ...... - - • J . l . c- .--,...,.. , _ -- (f"~r . t m,_ a ~ -,.-. r. lr Cl .. . l1:. c lt,tl c . •-"_U.c .!. ·:o uO,· , ___ On , .c~1 ~ ... .. ~ ·, -·c-0. 
cieE: ·~'er· int o tb~ Y: E ter t ~J a~ t;1s ..::·r ·:J·lt <;:1.d . 
I:'· . 0,12 -_:ith. ::· s _uc=. re . 0\'. (fJ~ ·~:~t) . T ~1s ·:-·r mt en0 
cle9 er j_:::1t o t he L ts:c·· thc.:l i)-Je De c'· PncL 
,c...- en cl ·· l.l) 
i E' 
...l~ . T:-!.-3 c c)~ · ... j_r tuJ:a ..; tl1d r··) octen. c"!. 1·.-;.~1 ...  ill ~iSt ~.".: lt. 
F, . T~_e -_ =-' X~-::~1 cJ,---,:,J ,_:LJ.l. _st ;, ,-yt, , 
C. :-:'l1~ c ,•" •2.T t'--1~::;'=, -. ill [~et hnt. 
D. :TothL:g ~-. ill h ;; ;· . <- il to t he c _. ;o : er tu':•s J•:· th =. - -.:-. ..., '~ l ·~: l :·,l ·• 
~C) . I~ .. ~:OJ1G t:l"! tt-.ll ..: i~ceE; rJf l-: c iJ. :..r2 .)l: c e ·_l_ i_ :l ~ - 1 r: ~1_ ·::u~_:; _ :_ ,_~ ~. ~1· _.,~ ·8!1 u ) 
· 11:~ ,c_O'.' '!l 
L Th::: .JieC':'lE' .)l l:-...d Ul_ -~ :::: :.'.' l : · :~t · ~ ·1c.d 
The tube -- i=_l l•e ' .. . :JrD ou_t . 
c . The •iec ~ - 1 (; ~ d 1 .lll _Je .. - r ."1€C, . • 
D. ':"he _ _~iecee ('·f l ecd 1•= ill :)e c:tol :d . 
l G9 
N3me ________________ DEt e of Birt h. ________ "~ r:::e _ _ _ 
n .me of c chool To;'.'n 
----------------- -------------------------------
Instruction::;: 
P1e2.se .:=>1·-.ce t he lett er of the an s '.'.-er v·hich you thin_'k: it ·me et 
nea r l y correct fo r e2.ch '-lues t ion in t he te ·-·t bookl et Of)pos i t e its 
number belov:-. The.t i s , i f' you t hink n.nS'I?'er 11 &_ n i s cor:..'ect for ~: uestion 
No . 1 , out af ter l. i n t he s _;&ce pr ovi c'tec. ( a ) . Do not mr rk the t es t 
1. ( ) n. ( ) 
:~ . ( ) 1 2 . ( ) 
7. ( ) 1 3 . ( ) U o 
4 . ( ) 14 . ( ) 
c:: 
'--' • ( ) 15. ( ) 
6 . ( ) 16 . ( ) 
7 . ( ) 17. ( ) 
8 . ( ) 1 8 . ( ) 
9 . ( ) 19. ( ) 
10 . ( ) 20. ( ) 
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Jut of t v'ent y items includect in the test , Ol1ly n i ne i te,ns 
seven , eight, ten , f'ourte n , n inet e en Pnd t r"en t y \ ere ur~ ad i n 
t he fine l com·)ar iso n.s . T:. bl e II , hoFs the number of :::ucc ,3 : .s es 
in t11e _[:lre- tes t E.nd ) OSt-test of t lJ e ex ·Jeri:·:ent c:•l g: rou~ , the 
anc~ t he reason Yihy items 1.··er-e e:·-~cluc~ed f rom the f i naJ. c ofll~)E.:risons . 
T& b le ii . Com1)<..Lri s on of t he :P,re- te s t end Post-test Scores of 
Eighty SL~ Oa ses in t h e EJ~1)erimente.l Grou~ i n Gra C.es 
Five t hr ot,gh ~1Tine to Det er n ine the I tems Y'hich 'i'e:re 
Exc luded from t he Ii'ina.l Comparis ons . 
Tes t Item 
:Jo . 
j Pre- test I Post-tes t Ga in over 
1
1 Loss over IRN•.so"l f or 
1 Succ e sses :Jucces:3es :?re-test Pre- test Rej e cting Items 
--------~~----------~----~--+------_s/ I ____ hl_b __ +-_________ c/ 
l 
3 
4 
5 
6 
7 
8 
~ 
10 
l l 
12 
13 
1 4: 
15 
1 6 
1 7 
1 8 
1 9 
20 
1 3 
7 
51 
70 
68 
57 
69 
28 
S5 
19 
81 
76 
c; , . 
v 
71 
4 :2 
!l5 
~7 
6S 
58 
E·5 
r / ·T b " • " 
_;; J~~ lJ2Ti er 0 ! ) U.) l _LE, 
on t he _,_.:;os t - t e s t 
08 
1 :?. 
55 
67 
70 
59 
74 
5E 
43 
::: o 
78 
78 
81 
so 
l·,4, 
Ll3 
64 
80 
65 
;2 5 1 
~ I 
Ll 
5 
9 
5 
1 2 
2 
4 
8 
10 
0 
l 
l 
7 
7 
17 
1 
l ') 
0 
l r • 
_ D 
5 
1, :: 
1, 4. 
2 , 3 
g·etting :: n item vo:rong on t he ;:r e - test 1: ut right 
__E/l:hunber of ~upi1s g e t tin..g an item right on the ) r e - t e s t !::ut \;Tong 
on tl:e 9ost-teet 
lll 
~/Items .. ere excludeo. f r om t he f in&l comlx.risons on t !.1e be.sis of the 
fol loF'ing cr i t eri.s : 
l. too eD.sy 
2 . t oo diff icult 
3 . a cted in r ev er se 
4 . di d not s!·ww s-..J.f'.f'icient gaiL1 
THE DEiliTONSTR ,1TION E UIPMENT 
l. T'ro ·;ooden blocks , 2 by 4 by 2 inches . 
2 . Inclined pl &ne about f our f eet long and one foot v "de . 
5 . ooden dowel attached t o 1.m c rbor. 
4 . Sm ll board "ith A half i nch dr illed hole i n it . 
5 . Five-eig~ths inch copper tube about eight inches len~ . 
6 . Tv/"0 corks tha t fit co • .., er. tube. 
7 . Paraffin .:c-.x 
8 . Grindstone 
9 . Cold chisel 
10 . El ectric mot or 
11 . Tape r ecorder (not shov n i n photo raph) 
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DEMONSTfu~TION :3CRI PT 
The demonstr~:,tion, 'Pe 2re going t o see today v:-ill r-bo,,. us 
T.hc.t hE~'.1ens v:hen one object slides over or is rui:!'oed EgE'cinst 
-= not her obj ect . 
Let 1 s see v.'h r. t ha~)~Jens '!!hen these t 11c o Fooden blocks ~re 
&llowed t o slide doym & boe.rCi T.hich i s pl c:.ced in a sh~nting 
}Osition ~s here. 
r'e hev e just seen that t he red block re ~ ched. t he bottom 
before the yellow block . If' we i nspec t the bottom surfa ces 
of the blocks , v:e vdll notice tha t the red block is ver y 
sm.ooth ~:.nd the yellov.- bloclc i s ro;.:gh . 
Let 1 s try sliding the t vro blocks clor.n the boe rc~. t -;m or 
thre e time s just to make s ure tha t the red block didn~t rerch 
the t ·ottorn befor e t he yellov: bloc1~ just by chc_nce . 
"e hc.ve observed tha t t he reel block reac hes t he bottom 
before t he yello'?'.- block every time. 
otice Y:ha t ha~:·.,-·ens i f v-:e turn r. r ound 1i ece of liood such 
a s this a.gE'clnSt a bo~.rd .hich h~ s e. hole :,;ortly drilled t hrough 
it . In order t o turn the rou..n.d .)ieee of' vrood very fast , v:e 
Y.-ill use the E i d of ELn e lectric ;aotOl~ . Let 1 s & tt~ch the ro·u.nd 
:)i eee of v.rood to t he motor c\nd then r:e will st ~;.rt t he motor 
cond bring the board UlJ e.gc inst the ro G!:.ting l-·iece of Y oocl_ . 
Y·ie have just s ':· en the t the rote.ting ~ ieee of ~ ood c:.nd t he 
boa rd becante ve17 hot !:end beg&n to smoke . This i s c .~ ,us ed by 
the rub':>ing together of the t Y!o SlJ..rf.sces of ' ''OOd . This 
ru'J'Jing tog ether of t Y.O o ;: jects 1•hich ··"\rod.uce ;:; hea t is Imon1 
E' s fric t i o:'l . 
v·i th r·r x E.n d let it rub Ei=;fl ins t t wo block s of wood . First of bll 
,e v;-ill ,mt s ome _~ ieces of )C:.raffin wax into the c o_:o_. e!' t Ll:· e . 
No. ' ~e Y~ il:L ::Jl~c e t he CO <J)er tube l)e t r ·een t he t r o blocks of ·,·oocl. 
[ nd .:.t t a ch it t o t he mot or. No·· r:e st - r t the motor 2-cn.d let i t 
r u..n. fo r c·o s e c onds . The mo t or V'rill ro t a t e t he COJ?i)er tube 
between the t vro !:l ocks of wood . v;e Iill n o·., remove t he tu~ e 
an d s ee i f anything has happeriedd to the ·pa.x . The ·r:-Dx hc-:.s 
melted , r.-hich pr ov es tha t t he co:p) er tube r·c..s he~.tect ·hen it 
r ubbed agai n s t t h e t wo bl ock s . The co1per t ube i s still 
fairly hot fr om being rubbed asainst t he v:ooden block s , ,,nd 
in or c."ter t hc::t you ma.y see this for yourself , it l':ill be lJ<:csseci 
: .. ro·~md t he r oo , so t ha t e~~ch of y cm may tou ch it . 
The c -owsnon grindstone i s r not _er g ood exc-.mpl e of hm hea.t 
i s pr oduced by f r ict i on or the rub~ ing together of tvto ob jects . 
Vie h E..ve here D. g r i fld i :Jg vrl'leel v.hich .._..-e Fill ~ctta. ch t o t he 
lfiOtor . Novi we V!ill tur~'l on t he T!lotor f . nd E ~)ie e e of s teel will 
'.Je brought U f) against t he grindin:'' '~t:-heel. You have seen t hat 
S•)C:.r k s ,, ere pr oduced vihen the ~Jiece of s t-eel v:.'- E~ h8l d ag ;::.i ns t 
t he grinci.i ng \'!he e l . Tho::e Sl-•&rk s '!:ere ,t.1roduced by f r iction or 
t he rubbi ng t og ether of t h e s teel &nd t he gr i nd i ng wheel. 
The demonstr~ t i ons -r e have just seen, have s h ov.-n u s t ha t 
v:!1enevs r one ob j ect s lide s over or i s r ubl· ed r:gains t E.n ot her 
object, the t •IO ob j e cts t end t o slov1 each other do 1.t1 . 
' ~ 
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1'-hen the t v:o 1.1loc l<..s r.er-e r. llor.ed t o s lid e do~n th: ~-.. ~· :::.rd , 
t he bloc~{S v-ere :slo·.•:ed cl.o .n ~:y the ru1:::-'-;i ng toe;:=: t h . .or of t he 
lJ lock :::nd t he boE.rd . V.'e ElS O obs erved berG t hat t !1e block 
v.. ith t he :rough surf E.ce '!''c.s slm;ed do~:·:n mare t hc.i'l the block 
, .i th the smooth surfa ce . Anotne:t' thi~1.'?: \ .'3 le£.rlBd f rom t h" 
c.'ter:l·)nstrc.tion is th -"' t t he r ub' : ·_ng to:._ ether of two obj ect s 
'Jrocl.uc e.s he •:.. t . 'Chen t he r o1.md pi e c e of , ood ~"H S turned 
or rot a t ed ag <:· inst t he t o<:..:rc'i , both t he ) i eces of • ood 
v.-ere hea ted 1.mtil they bez.: n t o smo '~e . 1.'-hen t he co t:Jper 
tube v:a E! rubY:d ~-:2; ·· L1s t t he t v•o v-ooden b l ocks, enough 
he E. t -rr:as ~Jl'Oduced to melt t e T f- X \•·. hich v.c.s in th-:; t ube . 
The h ee t pr oduced Fhen the ~-'ieee of steel ·c:e.s he l d 
a . .:,e.i m:·t t h·.:: ,;;;r indin::; 1.'-'heel y .. ;:-_s sho,·: .. 1 ' ·.y t h'3 s:c,, ~· rl-:s ;_r:hich 
Yiere )roc.uced 'f.'h en t he t y;o ob jects -.. ere r ub>ed t o.;e t Lsr . 
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